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abstract 


The  potential  benefit  of  using  warranty  agreements  as  part  of  military 
avionics  procurements  was  investigated.  Interviews  were  conducted  with  air¬ 
lines,  vendors,  and  military  agencies  that  had  made  use  of  warranties.  A 
life-cycle  cost  model  was  formulated  to  permit  comparisons  between  warranty 
and  no-warranty  procurements.  The  model  makes  it  possible  to  compute  the 
optimum  warranty  time  period  and  the  break-even  cost  to  identify  the  mini¬ 
mum  additional  funds  that  may  be  spent  on  warranty  coverage. 

The  major  concluaion  of  the  investigation  is  that  a  properly  constituted 
and  applied  warranty  can  yield  significant  reliability  and  life-cycle  cost 
benefits  and  that  broader  use  of  warranties  is  advisable. 
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1.  INTRODUCTION 


The  objective  of  the  four-month  study  reported  on  herein  was  to  investi¬ 
gate  the  potential  benefits  of  using  reliability-related  warranty  agreements 
as  part  of  military  avionics  procurements.  The  approach  taken  was  to  inter¬ 
view  airline  and  military  activities  and  their  suppliers  who  have  made  use 
of  warranties  in  the  past.  The  survey  included  six  airlines,  six  vendors, 
and  seven  military  agencies.  The  objectives  of  the  interviews  were  twofold. 
First,  it  was  desired  to  assemble  information  concerning  the  collective  ex¬ 
perience  of  the  interviewees  with  warranties  to  determine  if  expanded  mili¬ 
tary  use  should  be  considered.  The  second  objective  was  to  determine  if 
sufficient  data  existed  to  establish  a  subsequent  in-depth  (Phase  II)  eco¬ 
nomic  analysis  of  warranty  use. 

A  lif€!-cycle  cost  model  was  formulated  that  permits  cost  comparisons 
between  warranty  and  no-warranty  proci  rements.  The  model  makes  it  possible 
to  compute  the  optimum  warranty  time  period  and  a  break-even  or  "indiffercr<-o 
cost  to  identify  the  maximum  additional  funds  that  may  be  spent  on  warranties. 

2.  CONCLUSIONS 

The  major  conclusion  reached  is  that  a  properly  constituted  and  applied 
warranty  can  yield  significant  reliability  and  life-cycle  cost  benefits  and 
that  broader  use  of  warranties  is  advisable.  Additional  conclusions  result¬ 
ing  from  the  study  are  sumnarized  below  (see  Section  VI  for  detailed  dis¬ 
cussion)  . 

2.1  Warranty  Use 

Airlines  make  extensive  use  of  warranty  not  only  for  avionics  procure¬ 
ment  but  for  a  wide  range  of  other  commodities. 

2.2  Reliability  Incentive 

There  is  no  certain  answer  to  the  question  of  how  much  reliability 
incentive  warranties  provide  for  airline  avionics.  Most  vendors  feel  that 
there  is  definitely  an  incentive,  but  it  is  difficult  to  separate  it  from 
the  incentive  produced  by  competition. 

2.3  Reliability  Growth 

Since  the  military  supplier  will  suffer  expense  for  failure  of  war- antod 
is  deeply  interested  in  introducing  design/production  change-  th? 
will  increase  the  MTBF  and  will  do  so  if  the  cost  of  such  introduction  is 
lower  th.an  the  savings  in  warranty-repair  costs. 
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2.4  Maintainability  Incentive  and  Growth 


The  maintainability  characteristics  of  the  equipment  will  benefit  from 
a  warranty  provision  for  the  same  reasons  that  warranty  yields  reliability 
benefits. 

2 . 5  Minimal  Initial-Support  Investment 

If  the  supplier  is  to  provide  repair  services  over  the  warranty  period, 
savings  in  repair  facilities  and  equipment,  handbooks,  training,  and  spare 
parts  inventory  will  accrue. 

2 . 6  Life-Cycle  Cost  Control 

With  a  warranty  provision  that  applies  over  a  significant  time  period 
and  with  options  for  renewal,  the  military  user  can  be  much  more  confident 
in  controlling  costs  for  a  significant  number  of  life-cycle  cost  elements. 

2.7  Contractor  Benefits 


If  warranties  bvinefitted  only  the  user,  there  would  be  little  likeli¬ 
hood  of  their  acceptance  by  manufacturers.  In  pricing  the  warranty-cost 
increment,  the  contractor  estimates  all  costs  associated  with  the  warranty 
clause,  and  to  these  he  adds  his  normal  profit  factor,  perhaps  a  igmented 
by  a  risk  factor  dependent  on  the  length  of  the  warranty  period.  If  the 
product  exhibits  better  R/M  than  anticipated,  contractor  profits  are  in¬ 
creased.  In  addition,  a  warranty  provision  offers  the  contractor  a  long¬ 
term,  stabilized  work  flow  plus  the  opportunity  to  acquire  in-depth  know¬ 
ledge  of  his  product's  performance  in  the  use  environment. 

2.8  Economic  and  Military  Manpower  Impact 

If  warranties  are  applied  on  a  large  scale,  a  significant  portion  of 
the  dollar  expenditure  for  equipment  maintenance  will  transfer  directly  to 
the  civilian  economy.  In  the  same  vein,  extensive  warranty  use  will  tend 
to  reduce  greatly  the  requirements  for  military  maintenance  personnel. 

With  t,.e  recent  elimination  of  the  draft,  an  approach  that  reduces  the 
need  for  skilled  military  personnel  offers  attractive  possibilities. 

2.9  Design  to  Cost 

It  is  believed  that  a  warranty  provision  not  only  complements  "design 
to  cost"  but  provides,  finally,  a  strong  rationale  for  the  low-bidder  ap¬ 
proach  to  source  selection,  since  the  purchase  price  plus  thi  warranty  in¬ 
crement  would  actually  represent  a  significant  portion  cf  lifs-cycle  costs 
over  the  warranty  period. 

2.10  Warranty  Application 

To  achieve  a  more  workable  warranty,  it  is  important  that  the  agree¬ 
ment  be  established  with  as  few  exclusions  as  possible. 
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funds ,  which  are  generally  added  to  the  initial  purchase  price.  These  costs 
typically  nay  range  from  4  to  10  percent  of  the  initial  acquisition  price 
per  year  of  coverage. 

2.12  Warranty  Acceptance 

Military-equipment  contractors  trill  generally  be  willing  to  respond  to 
procurements  containing  warranty  provisions.  However,  they  all  stressed  the 
importance  of  clearly  specifying  the  use  environment.  Most  contractors 
would  be  reluctant  to  permit  military  maintenance  organizations  to  accom¬ 
plish  warranty  repair  for  which  the  contractors  are  liable  for  reimbursement. 

2.13  Warranty  Application  Problems 

There  are  possible  special  considerations,  problems,  and  disadvantages 
associated  with  warranty  clauses  in  military  procurement  o*  avionic  equip¬ 
ment.  Highlights  are  presented  below. 

>» 

2.13.1  Disputes 

Unless  a  warranty  provision  is  very  broad  in  coverage,  the  vendor  may 
honestly  believe  that  a  warranty  claim  is  not  valid,  «»nd  a  possible  dispute 
results.  This  situation  will  occur  most  frequently  when  the  equipment  fails 
because  it  is  exposed  to  environmental  stresses  chat  exceed  anticipated 
levels.  User  damage  caused  by  mishandling  damage  in  transit,  and  questions 
involving  warranty  termination  may  also  lead  to  disputes. 

2.13.2  Warranty  Administration 

There  is  no  question  that  administration  of  a  contract  with  warranty 
provisions  introduces  additional  administrative  problems  if  for  no  other 
reason  than  that  it  represents  a  departure  from  current  practice.  Although 
shipping  a  warranted  unit  back  to  the  vendor  for  repair  should  not  involve 
any  greater  procedural  difficulty  than  shipping  a  non-warranted  unit  back 
to  a  depot  for  repair,  some  special  administrative  actions  will  be  required. 

2.13.3  Warranty  Procurement 

Procurement  with  a  warranty  provision  introduces  complexities  not  nor¬ 
mally  encountered.  A  fixed  price  is  being  paid  for  future  guaranteed  ser¬ 
vices.  This  creates  problems  in  funding,  in  legal  questions,  and  in  assess¬ 
ing  the  realism  of  the  price  and  the  value  of  the  warranty. 

2.13.4  Unverified  Failures 

The  rate  of  unverified  failures  is  quite  large,  both  in  military 
commercial  applications.  The  handling,  shipping,  and  toai.  costs  that  will 
be  incurred  by  the  military  for  such  unverified  failures  sent  back  to  the 
contractor  can  be  significant. 
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2.13.5  Pipeline  Time 


An  often  expressed  concern  of  contractor  repair  with  warranty  is  the 
greater  pipeline  time  such  procedures  will  entail,  when  unit  repair  can 
be  performed  at  the  flight-line  or  organizational  level,  this  may  be  true. 
However,  for  depot  repair,  we  see  no  particular  reason  for  any  appreciable 
difference  in  pipeline  times;  and  in  seme  cases  contractor  repair  can  pro¬ 
vide  significant  reductions.  To  reduce  pipeline  time,  several  contractual 
and  procedural  policies  can  be  adopted. 

2.13.6  Reduced  Military  Self-Sufficiency 

There  is  no  question  that  the  military  will  suffer  reduced  self- 
sufficiency  over  the  warranty  period  when  contractor  repair  is  the  ueua* 
warranty  procedure. 

2.13.7  Data  Requirements 

Some  of  the  current  warranty  programs  in  the  military  require  fairly 
extensive  data  reporting  and  analysis  procedures.  This  was  part1-/  due  tc 
the  experimental  pioneering  nature  of  the  long-term  warranty  pre  .sion  that 
was  involved.  To  meet  data  needs,  service  data  products  were  augmented  by 
contractor-supplied  data  and  analysis. 

2.13.8  Effects  on  Small  Contractors 

We  believe  that  there  is  some  element  of  truth  to  the  statement  that 
a  long-term  warranty  provision  may  present  possible  risks  to  a  small  con¬ 
tractor  that  would  discourage  his  entering  the  procurement  competition. 
However,  airline  experience  indicates  that  this  effect  is  not  of  major 
significance. 


2.13.9  Compliance  Assurance 

Employment  of  performance  bonds  to  assure  warranty  compliance  is  con¬ 
sidered  contrary  to  the  spirit  of  the  basic  objective  of  warranties  —  i.e., 
to  couple  vendors  to  the  reliability  growth  process. 

3 .  RECC 1MENDATI ONS 

A  number  of  recommendations  are  offered  in  regard  to  the  future  use  of 
warranties  for  military  avionics  procurement.  These  are  discussed  below. 


3.1  Warranty  Application 


The  expanded  use  of  failure-free  type  warranty  is  recommended  since  it 
is  the  type  most  easily  administered  and  is  most  compatible  with  existing 
supply  and  maintenance  administration  systems.  MTBF,  MTBUR,  and  cost-type 
guarantees  shall  be  considered  only  if  improvements  can  be  made  in  current 
data  and  record-keeping  procedures. 

Warranty  provisions  should  be  applied  only  to  fixed-price  production 
and  maintenance  contracts. 
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3.2  Application  Criteria 

Criteria  for  selecting  equipments  that  would  be  candidates  for  war¬ 
ranty  coverage  are  enumerated  as  follows: 

*  The  unit  should  be  field-testable. 

*  Moderate  to  high  initial  support  cost  should  be  required. 

*  The  unit  should  be  readily  transportable  to  permit  returning  to 
the  vendor's  plant. 

*  The  unit  should  be  generally  self-contained  and  not  highly  depen¬ 
dent  on  outside  units  to  perform  major  functions. 

*  The  equipment  maintenance  concept  and  reliability  characteristics 
should  permit  achieving  readiness  requirements  in  an  economic  manner. 

*  Specific  knowledge  concerning  the  unit  application  in  terms  of 
expected  operating  time  and  the  use  environment  is  necessary. 

*  The  product  must  be  sufficiently  developed  that  reasonable  esti¬ 
mates  of  the  expected  reliability  and  maintainability  may  be  made. 

3.3  Warranty  Provisions 

Warranty  provisions  for  avionic  systems  should  continue  to  exclude 
consequential  damages.  Warranty  plans  should  be  formulated  to  provide  the 
fewest  exclusions  possible. 

Unless  the  unit  has  a  very  iow  MTBF  and  high-cost  transportation 
problems,  it  is  best  to  have  the  vendor  perform  the  repair  at  his  plant. 

For  the  very- low-MTBF ,  complex  units  that  would  cause  nfficulty  in  ship¬ 
ment,  vendors  possibly  can  have  personnel  located  at  major  Air  Force 
centers. 

Future  warranty  agreements  should  place  constraints  on  the  turnaround 
time  the  vendor  must  achieve  on  units  returned  for  warranty  repairs .  The 
use  of  a  consignment- spare  penalty  is  suggested  since  such  an  arrangement 
will  maintain  adequate  systems  support  to  offset  spares  unavailability  due 
to  lagging  turnaround  time. 

For  warranty  returns,  the  vendor  should  pay  for  shipping  back  to  the 
user.  Negotiations  on  who  pays  transportation  charges  to  the  vendor  should 
be  conducted  for  each  application. 

As  a  very  general  rule  of  thumb,  the  warranty  period  for  a  failure- 
free  type  warranty  should  be  at  least  three  years  for  new  units.  Howev? . 
this  figure  may  actually  be  increased  or  decreased  if  a  detailed  warr.v'.ty 
cost  analysis  is  performed  to  show  that  the  optimum  period  is  some  otter 
value.  For  older,  proven  systems,  it  is  possible  that  this  warranty  period 
of  three  years  may  be  reduced.  Unless  there  is  a  great  possibility  it*  •  iri.i- 
tion  in  operating  hours,  it  is  suggested  that  the  warranty  period  be  L>. 
on  calendar  time. 
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I  the  production  run  is  not  too  extensive  (one  year),  it  is  probably 
to  use  a  single  warranty  start  time,  such  as  an  average  production 
delivery  date.  Therefore,  a  single  warranty  end-date  will  be  in  force, 
rather  than  different  warranty  end-times  for  the  units. 


3 • 4  Warranty  Procurement 

On  research  and  development  projects,  the  government  should  state  its 
intentions  o*  incorporating  warranty  provisions  in  the  production  contract. 
In  this  manner,  the  developing  activity  will  design  the  product  with  the 
thought  of  warranty  profit  through  good  R&M  characteristics. 

A  cost  analysis  should  be  performed  for  each  proposed  warranty  applica¬ 
tion.  Such  an  analysis  investigates  the  relative  cost  in  warranty  and  non¬ 
warranty  situations  and  examines  the  cost  of  varying  warranty  time  periods. 

Warranty  c.  ,ts  should  be  priced  separately  so  that  appropriate  warranty 
and  life-cycle  cost  analyses  can  be  performed.  This  will  also  permit  an 
evaluation  of  a  design- to-cost  requirement. 

In  the  procurement  contract  with  warranty,  options  should  be  orovided 
for  warranty  renewal.  However,  it  is  probably  best  to  leave  the  terms  of 

such  renewal  open  for  negotiations  based  on  the  results  of  the  initial  war¬ 
ranty  period. 

3 . 5  Warranty  Dev elopment 

A  warranty  administration  guideline  should  be  developed  to  provide 
instructions  to  procurement,  supply,  and  maintenance  personnel  with  stand¬ 
ard  procedures  and  guidelines  for  securing  and  administering  warranty  con¬ 
tracts.  A  further  part  of  this  effort  would  be  the  formation  oi  a  set  of 
standard  terms  and  definitions  applicable  to  the  various  warranty  plans. 

Efforts  should  be  made  to  standardize  the  marking  of  warranty  items 
and  packaging  containers. 

A  training  program  should  be  considered  for  key  procurement,  supply, 
and  maintenance  personnel  relative  to  the  use  of  warranty  procurements  and 
administration. 

Additicral  emphasis  should  be  placed  on  the  ability  to  provide  in  the 
field  unambiguous  go/no-go  testing  for  warranty-covered  items  (non-warranty 
items  would  materially  benefit  from  such  an  effort  as  well). 

Service  data  systems  and  data-analysis  products  should  be  reviewed  to 
determine  how  they  can  be  modified  to  provide  data  products  to  support  war¬ 
ranty  administration.  Ab  an  interim  measure,  warranty  contracts  should 
continue  to  require  contractor-supplied  data  products  to  describe  equip¬ 
ment  performance. 
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DoD  should  promulgate  a  policy  statement  encouraging  the  expanded  use 
of  warranties.  Final  clarification  should  be  provided  in  regard  to  warranty 
funding.  The  recommended  course  of  action  is  that  initial  production  systems 
be  funded  with  production  monies,  but  that  warranties  on  subsequent  replen¬ 
ishment  buys  and  warranty  renewals  be  funded  with  O&M  funds. 

A  study  should  be  initiated  to  review  the  current  R&M  production  test¬ 
ing  and  documentation  requirements  when  warranty  provisions  are  in  effect. 

3 . 6  Future  Study 

This  report  constituted  the  completion  of  the  Phase  I  effort  directed 
toward  an  initial  review  of  warranty  usage  in  the  airline  community  and  in 
the  military.  As  part  of  this  ci’lort,  it  was  established  that  it  is  possi¬ 
ble  to  determine  the  value  of  warranty  on  an  economic  basis.  Chapter  V  of 
this  report  presents  an  initial  effort  towards  evaluation  of  the  costs  as¬ 
sociated  wich  the  failure-free  type  warranty  plan.  Although  Phase  I  was  a 
limited  effort,  it  was  found  that  some  data  are  available  to  support 
this  type  of  analysis.  It  is  thus  concluded  that  a  Phase  II  effort  would 
be  of  value  in  providing  a  more  in-depth  analysis  of  alternate  warranty 
plans,  including  a  validation  through  the  application  of  the  models  to 
selected  equipment  development  programs. 
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SECTION  I 
INTRODUCTION 


Support  of  today's  military  avionic  systems  is  beset  with  the  problem 
rising  costs  in  the  face  of  budget  constraints.  There  is  an  urgent  need 
to  reduce  support  costs  to  levels  that  are  consistent  with  funding  limita¬ 
tions.  One  of  the  major  factors  associated  with  support  cost  is  system 
reliability.  It  is  apparent  that  the  more  frequently  an  item  fails,  the 
greater  the  need  for  labor  and  materials.  Thus  efforts  to  improve  system 
reliability  will  yield  the  twofold  benefit  of  reducing  support  cost  and  im- 
r roving  system  availability. 

Past  efforts  to  improve  system  reliability  have  been  directed  toward 
comprehensive  reliability  programs  requiring  parts  screening,  predictions, 
and  demonstration  tests.  These  efforts  have  been  partly  successful,  but 
they  have  not  produced  the  desired  result. 

It  has  been  reported  that  the  airlines  are  achieving  better  reliability 
than  the  military  in  several  selected  areas,  using  avionics  similar  to  mili¬ 
tary  systems  and  in  related  environments.*  A  review  of  their  procurement 
practices  shows  that  the  airlines  buy  off-the-shelf  systems  in  a  competitive 
market.  In  addition,  most  systems  are  purchased  with  one  or  more  warranty 
provisions  that  provide  protection  against  system  failures.  Although  it  has 
not  been  clearly  established  how  warranties  contribute  to  improved  avionics 
reliability,  it  was  considered  worthwhile  to  investigate  further  the  use  of 
warranties  and  their  attendant  benefits.  This  study  was  therefore  under¬ 
taken  to  gain  further  insight  into  the  contribution  of  warranties  in  avionics 
procurement . 

The  study  is  to  be  accomplished  in  two  phases.  Phase  I,  reported  on 
herein,  was  directed  toward  determining  the  opinions  of  selected  airlines 
and  their  vendors  on  the  value  of  their  warranty  provisions  and  establishin 
whether  data  were  available  to  provide  a  quantitative  base  for  the  airline 
position.  Although  this  initial  effort  was  primarily  qualitative,  an  effort 
was  made  to  acquire  such  supporting  data.  Several  suppliers  of  military 
avionics  were  also  interviewed.  The  results  of  these  interviews  were  ana¬ 
lyzed,  together  with  the  data  acquired,  (1)  to  make  a  preliminary  appraisal 
of  the  use  of  warranties  for  military  avionics  and  (2)  to  establish  the 
existence  of  more  detailed  data.  A  cost  model  reflecting  warranty  parameters 
was  developed  for  use  as  an  aid  in  the  decision  process  regarding  use  of 
warranties. 


If  it  is  concluded  from  a  review  of  the  Phase  I  study  results  that  war¬ 
ranties  are  beneficial  and  data  are  available,  a  Phase  II  study  will  be 
initiated  to  investigate  the  situation  in  greater  depth.  Specifically, 
this  study  will  seek  to  quantify  the  qualitative  conclusions  resulting  from 
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SECTION  II 

IMPACT  OF  WARRANTIES  ON  LIFE-CYCLE  COST 


2.1  DEFINITIONS 


,  USe  warranties  has  its  roots  in  the  commercial  sector,  for  which 

the  Uniform  sales  Act  is  the  source  of  warranty  law  principles.  This  act  was 
drafted  by  the  Commissioners  of  Uniform  Law  in  1906;  since  that  time,  a  ma¬ 
jority  of  the  states  have  adopted  it.  Section  12  of  this  act  defines  an 
expressed  warranty  as  "any  affirmation  of  fact  or  any  promise  by  the  seller 
relating  to  the  goods  ...  if  the  natural  tendency  of  such  an  affirmation  or 
promise  is  to  induce  the  buyer  to  purchase  the  goods  ...  and  if  the  buyer  pur¬ 
chases  the  goods  relying  thereon."  The  major  concern  of  this  study  is  this  area 
of  expressed  warranty.  However,  Section  14  of  the  act  defines  implied  war¬ 
ranties  and  states  in  part:  "where  there  is  a  contract  to  sell  or  a  sale 
o  goods  by  description,  there  is  an  implied  warranty  that  the  goods  shall 
correspond  with  the  description  ...  . " 

The  Uniform  Sales  Act  has  gradually  been  superseded  by  a  Uniform  Com- 

MerCotl  ?°de  (UCC) ‘  Since  a  1963  d<^ision  (Noonan  Construction  Co.  -  ASBCA 
No .  8320)  the  Uniform  Commercial  Code  has  been  applied  in  the  interpretation 
of  Government  contracts  on  the  basis  that  the  UCC  reflects  the  best  in  modern 
legal  decision  and  discussion. 


Questions  frequently  arise  over  the  difference  between  warranty  and 
guaranty.  Black's  Law  Dictionary  states: 

"Guaranty  and  warranty  are  derived  from  the  same  root,  and  are  in 
fact  etymologically  the  same  word,  the  g  of  the  Norman  French  being 
interchangeable  with  the  English  w.  They  are  often  used  colloquially 
and  in  commercial  transactions  as  having  the  same  signification,  as 
where  a  piece  of  machinery  or  the  produce  of  an  estate  is  "guarantied" 
for  a  term  of  years,  "warranted"  being  the  more  appropriate  term  in 
such  a  case.  Accumulator  Co.  v.  Dubuque  St.  R.  Co.,  Iowa,  64F,  70, 

12  C.C.A.  37;  Martinex  v.  Ernshaw,  36  Wkly.  Notes  Cas.,  Pa.,  502. 

A  distinction  is  also  sometimes  made  in  commercial  usage  by  which 
the  term  "guaranty"  is  understood  as  a  collateral  warranty  (often 
a  conditional  one)  against  some  default  or  event  in  the  future, 
while  the  term  "warranty"  is  taken  as  meaning  an  absolute  under¬ 
taking  in  proesenti ,  against  the  defect,  or  for  the  quantity  or 
quality  contemplated  by  the  parties  in  the  subject-matter  of  the 
contract.  Sturges  v.  Bank  of  Circleville,  11  Ohio  St.  169,  78  Am. 

Dec.  296.  But  in  strict  legal  usage  the  two  terms  are  widely  dis¬ 
tinguished  in  this  --  that  a  warranty  is  an  absolute  undertaking  or 
liability  on  the  part  of  the  warrantor,  and  the  contract  is  void 
unless  it  is  strictly  and  literally  performed,  while  a  guaranty  is 
a  promise,  entirely  collateral  to  the  original  contract,  and  not 
imposing  any  primary  liability  on  the  guarantor,  but  binding  him  to 
be  answerable  for  the  failure  or  default  of  another.  Masons’  Union 
L.  Ins.  Ass'n  v.  Brockman,  20  Ind.  App.  206,  50  N.E.  493." 
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In  view  of  the  last  point,  warranty  is  the  topic  to  be  addressed  in 
this  discussion. 

2.2  LIFE-CYCLE-COST  IMPLICATIONS 

Under  the  current  policy  for  procuring  military  avionic  systems,  the 
producer's  liability  essentially  ends  with  the  delivery  and  acceptance  of 
equipment.  One  possible  approach  to  extend  the  producer's  responsibility 
for  the  operational  reliability  of  the  delivered  equipment  is  to  incorporate 
warranty  agreements  in  the  procurement  contract.  For  some  time,  the  air¬ 
lines  have  been  using  warranty  provisions  of  numerous  types  in  an  effort  to 
reduce  their  reliability  risk  and  to  spur  competition  for  reliability  im¬ 
provement.  The  continued  use  of  these  provisions  gives  some  evidence  of 
their  value  and  indicates  acceptance  by  equipment  suppliers. 

It  is  desirable  to  explore  some  of  the  aspects  of  equipment  develop¬ 
ment  and  deployment.  It  is  generally  well  established  that  an  equipment 
undergoes  a  reliability  growth  process  from  the  time  of  its  initial  design 
until  it  finally  reaches  a  state  of  maturity  in  the  field  deployment. 

Figure  1  illustrates  two  typical  curves  prepared  from  data  obtained  in  a 
recent  development  program.  Since  such  growth  is  a  natural  characteristic 
of  equipment  development,  it  is  believed  that  warranty  applications  keep 
the  vendor  involved  during  this  growth  period  to  accelerate  the  rate  of 
growth  and  to  minimize  the  cost  necessary  to  achieve  it. 

It  should  also  be  emphasized  that  higher  MTBF  can  produce  major  cost 
reductions  when  viewed  from  the  standpoint  of  life-cycle  cost.  Figure  2 
depicts  a  case  study  performed  several  years  ago  for  Navy  transmitter  equip¬ 
ment.  It  will  be  observed  that  the  life-cycle  cost  drops  off  markedly  with 
increased  MTBF  and  then  gradually  rises  again  as  excessive  demands  are  made 
on  reliability  development.  Needless  to  say,  most  of  today's  equipment  falls 
on  the  low  side  of  the  MTBF  scale.  Thus  it  is  observed  that  although  warran¬ 
ties  may  increase  the  initial  purchase  price  of  the  equipment,  they  can  in¬ 
deed  achieve  higher  reliability  levels,  and  their  cost  can  certainly  be  re¬ 
covered  in  terms  of  the  life-cycle  cost  of  the  equipment. 

A  final  point  to  be  made  is  that  today's  procurement  practice,  with 
the  emphasis  on  low  initial  purchase  price,  causes  vendors  to  supply  the 
lowest  reliability  that  will  pass  the  procurement  acceptance  requirements. 

The  vendor  is  economically  driven  to  this  position,  his  maximum  profit  being 
derived  from  such  strategy.  Profitability  is  based  on  total  potential  sales, 
including  not  only  the  initial  purchase  but  follow-on  spares,  support  equip¬ 
ment,  and  technical  data.  Several  investigators  have  developed  curves  show¬ 
ing  the  relationship  between  the  profitability  and  MTBF;  they  are  generally 
of  the  form  of  the  solid  curve  shown  in  Figure  3.s  Ideally,  the  prof'.t  curve 
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N.J.  Scarlett,  Reliability  Trade-offs  during  Concept  Formulation  —  Proceed¬ 
ings,  Annual  Reliability  6  Maintainability  Symposium,  1968. 

Logistics  Management  Institute,  Methods  of  Acquiring  and  Maintaining  Air¬ 
craft  Engines,  Task  71-9,  Washington,  D.C.,  June  1972. 
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should  be  similar  to  the  one  sketched  in,  in  which  the  contractor  receives 
greater  financial  reward  for  improved  reliability.  These  rewards  can  be 
paid  for  by  reduced  life-cycle  cost  of  the  supported  product. 


V**n 


FIGURE  1 


FIGURE  2 

LIFE-CYCLE  COST  VERSUS  RELIABILITY 
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Currant 


FIGURE  3 

PROFIT  VERSUS  RELIABILITY 


From  a  theoretical  viewpoint  the  warranty  concept  appears  logical .  The 
purpose  of  the  study  was  to  review  the  practical  application  of  warranties 
by  both  the  airlines  and  the  military  so  that  better  insight  could  be  gained 
regarding  their  true  utility. 


2.3  FAILURE-FREE  WARRANTY  AND  OTHER  TERMINOLOGY 

Unfortunately,  warranty  terminology  is  often  confusing  and  has  not 
reached  an}  level  of  standardization.  The  term  failure- free  warranty  is  now 
commonly  used  in  the  military  but  cannot  be  considered  an  accurate  descriptor 
of  the  basic  warranty  provisions  involved  or  of  the  real  intent.  For  this 
type  of  warranty,  the  contractor  normally  assumes  responsibility  for  repair¬ 
ing  warranted  units  that  fail,  the  warranty  period  extending  over  a  long 
period  (minimum  1  year,  typically  3  to  5  years).  The  extended  period  is  re¬ 
quired  so  that  the  contractor  will  have  the  profit/loss  incentive  involved 
with  warranty-repair  to  invest  the  money  required  to  improve  reliability. 
Contract  provisions  are  generally  provided  to  minimize  procurement  and 
administrative  complexities  involved  witn  introducing  engineering  changes 
for  reliability  improvement  and  to  ensure  that  data  feedback  is  provided  by 
both  parties . 

Other  terms  that  have  been  used  to  reflect  basically  the  same  type  of 
warranty  provision  include  standard  warranty,  product  warranty,  long-term 
service  warranty,  contractor  maintenance  warranty,  and  full-life  warranty. 
Some  fault  can  be  found  with  the  descriptiveness  of  each  of  these  terms. 
Because  failure- free  warranty  is  most  often  used,  we  have  chosen  to  continue 
us  ng  that  term.  At  the  risk  of  further  complicating  the  terminology  pic¬ 
ture,  we  suggest  considering  the  term  reliability  warranty,  which,  while  not 
escribing  the  warranty  provisions  involved,  at  least  focuses  on  the  major 
equipment  characteristic  of  interest. 


SECTION  III 


AIRLINE  WARRANTY  PRACTICE 


3.1  THE  AIRLINE  PROCUREMENT  ENVIRONMENT 


It  is  appropriate  to  review  the  general  environment  under  which  airlines 
procure  avionic  equipment  because  of  '.he  influence  such  environment  exerts 
on  warranty  practices.  Where  pertinent,  contrasting  military  procurement 
procedures  are  noted. 


It  is  clear  that  the  major  goal  cf  an  airline  is  to  realize  a  satis¬ 
factory  profit.  It  is  also  clear  that  to  meet  this  goal  avionic  equipment 
must  perform  satisfactorily,  have  a  low  total  life-cycle  cost,  and  not 
jeopardize  safety.  If  the  term  "military  value"  is  substituted  for  "profit", 
this  set  of  criteria  for  evaluating  equipment  is  also  quite  applicable  to 
the  military. 

A  decisive  element  in  airline  avionic  procurement  practice  is  the  AEEC 
(Airlines  Electronic  Engineering  Committee).  The  AEEC,  a  standing  committee 
of  the  Airlines  Communications  Administrative  Council  (ALCAC),  is  composed 
of  14  U.S.  airline  technical  representatives,  one  representative  from  Canadian 
airlines,  six  from  the  European  Airlines  Electronics  Conmittee,  and  one  from 
general  aviation.  The  committee  has  ten  advisory  members:  ARINC  (four); 
International  Air  Transport  Association  (one) ;  Air  Force  (two) ;  and  the  Air 
Transport  Association  of  America  (two).  The  committee  is  chaired  by  a 
representative  of  ARINC. 

The  primary  function  of  the  AEEC  is  to  formulate  form-fit-function  types 
of  standards  for  electronic  equipment  and  systems.  These  standards  are 
finalized  through  discussions  between  the  airlines  and  potential  manufac¬ 
turers  before  the  so-called  ARINC  Characteristics  are  published.  The  stand¬ 
ards  do  not  precisely  define  the  contents  of  the  "black  box"  but  describe 
the  signals  that  enter  and  leave  the  box  and  the  electrical,  mechanical,  and 
environmental  interfaces. 

ARINC  Characteristics  produce  the  standardization  that  will  assure  the 
interchangeability  in  an  aircraft  of  equipment  produced  by  various  manufac¬ 
turers.  The  airline  industry  considers  equipment  interchangeability  to  be 
the  greatest  advantage  offered  by  the  development  of  ARINC  Characteristics, 
for  only  through  such  standardization  can  a  "buyer's  market"  for  the  airlines 
be  achieved. 
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An  ARINC  Characteristic  thus  has  a  twofold  purpose:11 

*1)  To  indicate  to  prospective  manufacturers  of  airline  electronic 

equipment  the  opinion  of  the  airline  technical  people,  coordinated 
on  an  industry  basis,  concerning  requisites  of  new  equipment. 

(2)  To  channel  new  equipment  designs  in  a  direction  that  can  produce 
maximum  possible  standardization  of  physical  and  electrical  char¬ 
acteristics  without  seriously  hampering  engineering  initiative. 

The  AEEC  has  no  authority.  After  a  specification  is  issued,  individual 
airlines  can  use  it  or  not  as  they  choose,  and  basically  it  is  not  a  "pro¬ 
curement"  specification  in  the  military  sense.  The  AEEC  has  learned  over  the 
years  that  this  very  lack  of  authority  necessitates  specifications  that  are 
soundly  based  on  technical  and  economic  f'cts;  the  alternative  is,  in  effect, 
no  standard  at  all.  By  and  large,  this  process  has  been  quite  successful. 

Once  an  ARINC  Characteristic  —  or  specification  —  has  been  issued, 
suppliers  that  have  equipment  meeting  the  requirements  must  obtain  FAA 
certification.  The  FAA  certification  requirements,  called  Technical  Standard 
Orders  (TSO) ,  are  the  equivalent  of  a  military  qualification  test. 

A  unique  aspect  of  these  specification  activities  is  that  details  of 
construction,  cost,  or  reliability  are  never  explicitly  spelled  out.  These 
matters  are  left  to  be  determined  through  contracting  in  a  competitive 
market,  but  they  are  an  important  consideration  during  the  preparation  of 
the  ARINC  Characteristic.  Major  emphasis  ir.  the  Characteristic,  or  speci¬ 
fication,  is  placed,  through  the  form-fit-function  approach,  on  assuring 
that  freedom  of  competition  is  preserved. 

One  good  example  of  the  value  of  interchangeability  was  a  unique  agree¬ 
ment  under  which  one  large  airline  purchased  a  radar  system.  If  a  specified 
MTBF  value  was  not  achieved  within  a  specified  time  period,  the  airline  had 
the  option  of  returning  all  sets  to  the  manufacturer,  who  would  reimburse 
the  airline  for  the  purchase  price.  The  airline  observed  that  this  agree¬ 
ment  yielded  one  of  the  most  successful  programs  for  meeting  prescribed 
reliability  requirements. 

The  AEEC  approach  to  avionic  equipment  specification  and  the  simple 
fact  that  airline  technical  people  "talk  to  each  other"  produces  a  very 
competitive  situation.  The  single  factor  most  often  referenced  by  the  many 
airline  and  vendor  representatives  interviewed  by  ARINC  Research  is  the 
importance  of  manufacturer  reputation  and  integrity. 


"More  detailed  technical  description  of  ARINC  Characteristics  is  presented 
in  the  report,  A  Comparative  Analysis  of  P3C  Avionics  Specifications  and 
Similar  Commercial  Avionic  Specifications ,  W.  Gahres,  ARINC  Research 
Corporation,  Contract  N00019-72-C-0486  (Naval  Air  Systems  Command  —  PMA) , 
Ma  :ch  1973. 
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The  airline  market  is  a  continuing  one,  and  poor  reliability  of  a 
The  intS  Pf0**11**  ^  airline  b*c°™es  known  quickly  to  other  airlines 

ProhlIi!r?  iS  aiS0  ClOSe  communication  between  the  airline  and  the  vendor 
vendors  att^no™*^'' JeUabiUty'  and  SUppor'  *re  tl“ickly  brought  to  the 

vendors  “* 

ment  lunat!™*^ ^  ir  sharp  contr4st  to  the  military  procure- 

W^^P^sssssr 

bi:  ~~  zsrzsx: 

r^"""  *  s:~ 

*  (and  rnore  vendor  representatives)  have  expressed  feelings  that 

inoreasedPsoo«TS  h*"*  b€C  ’me  t0°  el<tensive'  the  trend  has  been  to  an 
further  detail.  ranty  P1‘°V1Si°nS-  “ter  subsections  will  present 

mon,  Table  1  summarizes  the  major  elements  of  the  airline  avionic  procure¬ 
ment  environment  and  compares  them  with  corresponding  military  practices 

3.2  AIRLINE  USE  ENVIRONMENT  AND  RELIABILITY  COMPARISONS 

The  environmental  levels  and  variations  in  the  use  environment  are 

associated f aCt°r s  to  cor>sider  in  developing  appropriate  reliability  and 
associated  warranty  provisions.  Airline  avionic  equipment  operate-  in  , 

i^mil^  7  b6nign  em?ronment  when  compared  with  some  extremes  encountered 
n  miiitary  usage.  The  competence  and  certainly  the  continuity  of  airl'ne 
maintenance  personnel  are  better  than  the  military's.  Y  *  1 

airline  ^  flying  times  °f  10  hours  *»r.  for 

*55^ 

oh  cisrirzirr uhen  uarranty  ^  a" 
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TABLE  I 


A  COMPARISON  OF 

AVIONICS  PROCUREMENT  BY  AIRLINES  AND  MILITARY  SERVICES 


Procurement 

Element 

Airlines 

Military  Services 

Technological 

Environment 

Current  technology  satis¬ 
factory 

Need  to  push  the  state- 
of-the-art  in  some  areas 

Specification 

Development 

Done  in  open  forum  by  AEEC , 
a  group  of  users  and  manu¬ 
facturers 

More  one-sided  —  limited 
give-and-take  sessions 

Specification 

Format 

Form-Fit-Function  —  ether 
characteristics  not  speci¬ 
fied 

Rigorous  requirements  on 
all  characteristics  (also, 
assurance  procedures) 

Specification 

Use 

Individual  users  may  or  may 
not  employ  specification 
(voluntary) 

Must  be  employed 
(mandatory) 

Testing 

Only  through  Tech.  Standard 
Orders  (TSO) 

Rigorous  acceptance  tests 

Contracts 

Simple  —  minimal  paper 
work 

Complex  —  mountains  of 
paper  work 

Warranties 

Widely  used 

Seldom  used 

Competition 

Exists  at  all  times 

Essentially  ceases  to 
exist  after  contract 
award 

Information 

Feedback 

Rapid,  credible  —  affects 
subsequent  procurements 

Not  credible  —  seldom  a 
factor  in  reprocurement 

Logistics 

Standardization  only  to 
Form-Fit-Function 

l 

Standardization  within 
black  boxes  —  minimizes 
number  of  types  of  spare 
parts 

It  s  lould  be  noted  that  differences  in  observed  reliability  do  exist 
among  the  airlines.  One  source  reported  a  7-to-l  difference  in  MTBFs  for 
identical  solii-state  glide-slope  receivers.1  These  types  of  disparities 
were  confirmed  by  several  airline  and  vendor  personnel  interviewed. 

There  are  also  differences  attributable  to  aircraft  type.  One  vendor 
claimed  that  because  of  cooling  problems  on  one  type  of  plane,  the  MTBF  of 
his  equipment  was  approximately  half  that  of  idet.  .ical  equipment  aboard  a 
comparable  plane. 

Despite  known  differences  in  airline  operating  environments  and  mainte¬ 
nance  capabilities,  vendors  generally  provide  the  :ame  type  of  warranty  to 
all  custoiers  and  hope  for  a  reasonable  "averaging  out"  process.  If  one 
airline  is  experiencing  abnormally  high  failure  rates,  a  vendor  will  often 
provide  on-site  maintenance  training  and  support  to  reduce  this  warranty 
cost. 


Some  data  are  summarized  here  to  compare  airline  and  military  relia- 
bility  for  comparable  avionic  equipment  and  aircraft  environ,  ent.  For  the 
military,  data  on  the  P-3C  air  .raft  (similar  to  the  Lockheed  Electra)  and 
the  large  reconnaissance  and  .ransport  aircraft  were  used.  For  the  airlines, 
the  data  apply  to  the  cur, ^nt  aircraft  such  as  the  Boeing  707,  747,  DC-8, 
and  DC-10.  An  attempt  has  been  made  to  select  equipments  that  are  compa¬ 
rable  in  complexity  at  least  to  the  exuent  that  large  differences  in  MTBF 
could  not  be  attributed  primarily  to  design  and  functional  features. 

The  data  are  presented  in  Table  II.  It  is  immediately  observable  that 
airline  avionics  MTBF  is  significantly  better  than  that  of  corresponding 
military  equipment.  The  MTBF  ratio  of  airlines  to  military  ranges  from 
approximately  1.5  to  1  to  greater  than  10  to  1.®  These  data  support  a  widely 
held  opinion  that  military  avionics  reliability  is  generally  not  as  good 
encountered  in  comparable  airline  equipment  and  usage. 

For  the  last  throe  equipment  classes  in  Table  II,  the  comparisons  are 
between  essentially  iientical  units.  Excluding  the  DFA-70  receiver,  the 
ratios  of  airline  MTBF  to  military  MTBF  are  1.7:1,  1.8:1,  anc  3.3:1,  which 
are  comparatively  much  better  than  the  ratios  observed  when  the  military  is 
not  using  off-the-shelf  comnercial  equipment.  No  explanation  can  be  giver, 
at  this  time  for  the  8.4:1  ratio  of  the  DFA-70  unit. 


5 "New  Data  Yield  Clues  to  Reliability",  P.  Klass,  Aviation  Week,  13  February 

1967  • 

*Note  that  the  greater  than  10-to-l  ratio  pertains  to  a  comparison  of  a 
LORAN-A  to  a  LORAN-C.  The  greater  functional  complexity  of  LORAN-C  wor  c 
account  "or  some  significant  MTBF  differences. 
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TABLE  II 


-lOME  COMPARISONS  BETWEEN  AIRLINE  AND  MILITARY  AVIONICS  RELIABILITY 


Equipment 

( ource 

(M  *=  Mlitary) 

derating  (0) 
or  Flying (F) 
Hours 

Number  of 
Removals 

Number  of 
FaJ lures 

MTBR 

KTBF 

Weather  Radar 

RDR-1F 

Airline  A 

438,480(0) 

1,307 

390 

335 

1,124 

RDR-1F 

Airline  C 

NA(F) 

NA 

NA 

555 

1,157 

AVQ-30 

Airline  B 

166,810(0) 

NA 

333 

666* 

AN/APS-115 

- — - 

P3C  (M) 

19,450(0) 

149 

66 

130 

Inertial  Navigation 

Carousel 

Airline  B 

326, 500(0) 

925 

NA 

353 

706* 

LTN-51 

Airline  Composite 

360,720(0) 

NA 

361 

450* 

999 

AN-ASN-84 

HC  (M) 

35,900(0) 

442 

186 

81 

192 

LORAN  (A  &  C) 

345  &  700(A) 

Airline  B 

182,460(0) 

NA 

322 

mmm 

AN/APN-151 (C) 

RT -135  (M) 

9,600(0) 

94 

51* 

mfm 

AN/APN-157  (C) 

C-141/HC- 130H (M) 

164,400(0) 

3,823 

22* 

Hi 

HF  Communications 

618  T-2 

Airline  B 

228,400(0) 

555 

NA 

412 

824* 

ARC- 14 2 

P3C  (M) 

28,520(0) 

608 

160 

47 

178 

c 

I 

0 

u 

rations 

RTA-41A 

Airline  B 

326,530(0) 

591 

NA 

552 

1,104* 

ARC-143 

P3C 

37,430(0) 

468 

115 

8G 

325 

Automatic  Directioi  Finder  (Receiver) 

DFA-70 

Airline  Composite 

647, 270(F) 

643 

359 

1,006 

1,802 

DFA-70 

RC-135/WC- 135(H) 

30, 150(F) 

NA 

141 

107* 

214 

DFA-73 

Airline  composite 

38, 500(F) 

41 

26 

939 

1,480 

DFA-73 

C-141/HC-130(M) 

1,100, 000(F) 

NA 

1,240 

444* 

887 

Marker  Beacon  (Receiver) 

512-4 

Airline  Composite 

570,  300(F) 

180 

i mm 

3,168 

nr?!  ’i 

51Z-4 

C-141  (M) 

506, 670(F) 

NA 

1,376* 

Hi 

VOR  Localizer  (F 

eceiver) 

WIL  806A 

Airline  Composite 

NA(F) 

NA 

mam 

1,000 

WIL  806A 

C-141 (M) 

506.670(F) 

NA 

■ 

H 

306 

•Data  not  available.  For  gross  comparison,  estimate  based  on 

fTBF  •  2  x 

MTBR. 
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The  observed  differences  may  be  due  to  one  or  more  of  the  following 
causes:  procurement  practices,  operational  environment,  maintenance  environ¬ 
ment,  equiptsnt  design  and  complexity,  and  reporting  procedures.  While  it 
is  not  possible  to  quantify  the  degree  to  which  these  factors  affect  observed 
MTBF,  the  extensive  airline  use  of  warranty  provisions  in  their  avionics 
procurement  contracts  would  certainly  exert  a  positive  influence  on  initial 
reliability  achievement  and  on  reliability  growth. 

3.3  TYPES  OF  WARRANTIES  AND  CONTRACTUAL  PROVISIONS 

3.3.1  Types  of  Warranties 

The  World  Airline  Suppliers'  Guide,  published  by  the  Air  Transport 
Association  of  America,  sets  forth  four  basic  types  of  warranties  used 
within  the  i.tdustry: 

1.  Standard  Warranty  (failure-free).  This  type  of  warranty  applies 
to  avionics  as  well  as  a  range  of  other  items  and,  in  effect, 
warrants  that  all  items  will  be  free  from  defects  in  material, 
workmanship,  and  design;  conforms  to  specifications;  and  will  be 
suitable  for  the  intended  use.  The  warranty  extends  for  a  speci¬ 
fied  number  of  operating  hours  or  calendar  time  or  a  combination 
of  both.  The  vendor  normally  assumes  responsibility  for  labor 
and  material  costs  necessary  to  correct  any  failures  occurring 
during  the  warranty  period,  standard  warranties,  typically,  have 
been  for  a  one- year  period,  but  recently  this  period  has  been 
extended  up  to  three  years  for  the  newer  aircraft  systems. 

2.  Ultimate  Life  Warranty.  This  type  of  warranty  applies  to  major 
structural  components,  such  as  wings,  fuselage,  and  landing  gear. 

The  agreement  wariw'ts  that  such  components  will  be  free  from 
defects  for  a  stated  number  of  flying  hours.  Protection  beyond 
the  normal  failure-free  warranty  period  is  provided,  and  claims 
are  generally  adjusted  on  a  pro-rated  basis  consistent  with  the 
amount  of  usage  achieved  from  the  warranted  item. 

3.  Reliability  Guarantee.  The  vendor  is  required  to  have  his  product 
achieve  a  stated  mean  time  between  failures.  Such  agreements 
generally  recognize  that  the  initial  deployment  will  experience 
infant  mortality  and  thus  require  that  the  MTBF  be  demonstrated 
after  some  initial  period  of  operational  time.  The  warranty  typ¬ 
ically  runs  until  the  warranted  MTBF  has  been  demonstrated  for  a 
stated  number  of  consecutive  months.  If  at  any  time  the  vendor’s 
products  fail  to  meet  the  specified  MTBF ,  the  vendor  is  required 
(1)  to  supply  additional  spare  units  to  support  the  airline's 
operations  until  the  required  MTBF  is  achieved  and  (2)  to  provide 
technical  assistance  and/or  modification  kits  and  labor  to  achier’' 
the  warranted  MTBF. 

4.  Maximal  Parts  Cost  Guarantee.  Agreements  are  established  with  the 
airline  on  a  maximum  materials  cost  per  flying  hour  (or  other  mea¬ 
sure  of  usage)  for  maintaining,  modifying,  repairing,  and  overhauling 
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selected  i.ems.  Typical  applications  include  aircraft  tires  and 
brakes.  Reimbursement  to  tht  user  is  made  either  on  a  100-percent 
or  ?.  p-o-rated  basis  of  the  difference  between  the  actual  cost  and 
the  specified  guaranteed  value.  Guarantees,  typically,  are  for  a 
period  of  ten  years,  commencing  with  the  product's  first  use. 

3*3.2  Warranty  Provisions 


The  scope  of  the  provisions  contained  in  airline  warranties  has  expanded 
over  the  last  several  years.  Appendix  1  presents  a  warranty  agreement  cur¬ 
rently  being  Ui ed.  This  particular  agreement  was  selected  because  of  its 
comprehensiveness.  The  individual  clauses  are  believed  to  be  typical,  al- 
oug  many  warranty  agreements  do  not  contain  all  such  clauses  or  present 
em  in  the  detail  of  this  sample  agreement.  The  highlights  of  the  major 
provisions  in  this  sample  agreement  are  as  follows: 


Period  of  Coverage.  A  warranty  period  of  36  months  or  8,000  opera¬ 
ting  hours,  whichever  occurs  first,  applies  for  the  standard 
warranty. 

Condition  for  Maintaining  Coverage.  The  warranted  item  must  be  used 
as  specified  and  not  subjected  to  unauthorized  modification. 

Conseqi  ential  Damages.  The  seller  is  not  responsible  for  conse¬ 
quential  damages  that  may  result  from  failure  v,?  the  warranted 
device. 

Scope  cf  Coverage.  The  seller  agrees  to  repair  or  replace  without 
charge  any  nonconforming  item. 

Assignability.  Warranty  rights  may  be  assigned  to  a  third  party  in 
the  event  that  items  are  sold  or  transferred. 

Shipping  Costs.  The  buyer  pays  for  shipping  warranted  items  back 
to  the  seller  for  repair.  Shipping  costs  for  return  to  buyer  are 
borne  by  the  seller. 

No-Troi  ble-Found  Reimbursement.  In  the  event  that  a  defect  or 
fail  ire  can  lot  be  confirmed,  the  buyer  must  bear  the  expense  of 
shipnent  and  cost  of  testing. 

Documentation  Requirements.  Data  that  must  be  submitted  as  part  of 
«*  warranty  claim  are  specified. 

On-Site  Repair  Authorization.  If  authorized  by  the  seller,  the  buyer 
may  accomplish  the  warranty  repair  using  his  facilities  and  invoice 
e  seller  for  his  labor  and  material  subject  to  agreed-upon  labor 
rates  and  other  conditions.  For  some  recent  warranties,  on-aircraft 
remove/replace  labor  costs  are  included. 

Provisions  applicable  to  a  MTBF  warranty  are  as  follows: 

Specific  Guarantees.  A  statement  of  the  warranted  parameters  will  be 
given  MTBF,  materials  cost,  man-hours/flight  hours,  etc.,  will  be 
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Acceptance  Conditions.  A  statement  of  tolerance  and  time  period  for 
compliance  will  be  given. 

Seller's  Data  Requirements.  The  buyer  will  supply  the  seller  with 
system  failure  data  to  permit  collection  of  required  parameters. 

Spares  Requirements.  The  buyer  will  determine  spares  requirements 
based  on  the  seller's  MTBF  guarantees. 

Consignment  Spares.  Additional  spares  will  be  supplied  on  a  no¬ 
charge  basis  in  the  event  the  observed  MTBF  is  less  than  the 
guaranteed  value.  The  number  of  spares  is  calculated  by  the 
formula 


n 


NS 


G  -  A 


G 


where 

n  =  number  of  additional  spares 

NS  =  total  number  of  spares  purchased  to  date 

G  «  guaranteed  MTBF 

A  “  achieved  MTBF 

MTBF  Calculation.  MTBF  measurements  will  be  based  on  a  monthly 
measure  corresponding  to  a  three-month  moving  average. 

Obligation  Termination.  The  seller's  obligation  under  i_he  MTBF 
guarantee  will  terminate  when  the  MTBF  exceeds  the  specified  value 
twelve  consecutive  months  but  no  earlier  than  the  25th  month  after 
system  introduction. 

•  Definition  of  Failure.  Criteria  are  established  that  define  which 
failures  may  be  accepted  in  the  MTBF  calculation  and  which  are  to  be 
classed  as  irrelevant  or  minor. 

3.4  AIRLINE  WARRANTY  FEATURES  AND  EXPERIENCE 

This  sectior  summarizes  the  features,  experiences,  and  commentary  con¬ 
cerning  airline  warranty  practices  as  determined  from  the  detailed  inter¬ 
views  conducted  with  27  key  airline  and  airline-avionics  vendor  personnel. 
Six  airlines  are  represented  —  one  regional  carrier,  two  medium-sized 
national  carriers, two  large  national  carriers,  and  one  large  international 
airline.  Six  avionics  vendors  are  also  represented,  ranging  in  size  from 
In  addition,  some  material  from  a  literature  search  is 

presented. 

Table  III  is  a  very  condensed  summary  of  airline  avionics  warranty 
practices  wi  :h  respect  to  a  number  of  factors.  More  detailed  information 
is  presented  in  the  following  subsections. 
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TABLE  III 


SUMMARY  OF  AIRLINE 
AVIONICS  WARRANTY  FAILURES 


Feature 


Description  and  Comments 


Use  of  Warranties 
Purpose  of  Warranty 

Types  of  Warranty 

Warranty  Period 
Warranty  Administration 


Airline  vs  Vendor 
Maintenance 


Turnaround  Time 


Widespread.  Trend  is  towards  more  compre¬ 
hensive  coverage. 

Extend  vendors'  responsibility  to  include 
field  performance. 

Standard  (FFW) ,  MTBF,  MTBUR,  M  cost 
guarantees . 

Standard,  3  years;  others,  up  to  5  years. 

Direct  clerical  cost  to  administer  warranty 
claim,  $15-$35  (burdened). 

Varies.  Most  large  airlines  do  own  mainte¬ 
nance.  Reimbursed  for  labor  at  about  $10 
per  hour  and  for  replacement  parts. 

Generally  ranges  from  5  days  to  30  days 
exclusive  of  shipping  time.  For  most 
avionics,  2  to  3  weeks  is  typical.  Until 
recently,  no  penalties  have  been  associated 
with  turnaround-time  delays. 


lost  Claims 


Unverified  Failures 


Enough  claims  are  lost  to  institute  proce¬ 
dures  to  minimize  the  amount. 

Ranges  of  20%  to  60%  have  been  quoted  for  un¬ 
verified  failure  occurrence.  BITE  equipment 
has  not  yet  produced  significant  improvements. 
Cost  of  no-trouble- found  tests  ranges  from 
$50  to  $200,  although  could  be  much  higher 
for  very  complex  equipment. 


Disputes 


Major  cav.se  is  interface  problems.  Generally 
settled  through  negotiation.  Airframe  manu¬ 
facturer  appealed  to  as  last  resort.  Care  in 
examining  possible  escape  clauses  before  con¬ 
tract  signing  can  minimize  disputes. 


Warranty  Cost 


Included  in  equipment  purchase  price  but 
difficult  to  summarize.  As  a  percentage  of 
original  purchase  price,  a  range  of  4%  to  10% 
per  year  is  fairly  typical. 
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3.4.1  Use  of  Warranties 


Warranty  use  in  the  airlines  is  widespread,  ar.^  the  trend  appears  to  be 
towards  more  extensive  and  definitive  coverage.  A  major  extension  of  war¬ 
ranty  coverage  began  with  the  introduction  of  the  Boeing  747  aircraft,  and 
this  wider  scope  has  been  adopted  by  other  major  airframe  manufacturers  and 
vendors.  Although  verbal  agreements  and  "implied  warranty"  have  served 
well  in  the  past,  all  airline  personnel  indicated  that  written  precise 
warranty  agreement  is  now  a  standard  practice  for  almost  all  avionics 
procurement . 

3.4.2  Purpose  cf  Warranty 


A  number  of  opinions  on  the  purpose  of  a  warranty  were  expressed.  Some 
typical  examples  are  listed  below  (A  =  airline,  V  =  vendor). 

"Extend  quality-control  effectiveness"  (A) 

"Eorm  of  insurance"  (A) 

"Protection  against  catastrophic  losses"  (V) 

"Part  of  company  support"  (V) 

"Get  reliable  equipment"  (A) 

"Recover  costs  if  something  goes  wrong"  (A) 

"Marketing  tool"  (V) 

"Control  ownership  costs"  (V) 

"Provide  customer  time  to  build  up  maintenance  capability"  (A) 

It  is  seen  that  no  single  major  purpose  is  advanced  for  warranty.  Stating 
that  a  warranty  clause  extends  the  manufacturer’s  responsibility  to  include 
field  performance  would  probably  be  considered  by  most  knowledgeable  people 
as  a  reasonrble  overall  purpose. 

3.4.3  Types  of  Warranty 

Most  of  the  types  of  warranties  listed  in  the  Airlines  World  Buyers' 
Guides  or  shown  in  the  sample  agreement  of  Appendix  I  have  been  used  by  one 
or  more  airlines.  The  standard  or  failure-free  warranty  is  most  universal. 
Current  practice  is  to  include  MTBF  guarantees  as  well,  although  there  is 
a  trend  towards  replacing  this  with  a  MTBUR  guarantee  (mean  time  between 
unscheduled  removals). 

Some  airlines  have  stated  that  they  have  data  problems  with  the  MTBF 
guarantee;  ethers  have  had  no  problems.  Most  airlines  that  huvi>  some  type 
of  cost  guarantee  have  admitted  that  currently  they  are  very  difficult  to 
administer  because  of  the  data-tracking  and  accounting  problems. 

Other  types  of  warranty  agreements  that  are  or  have  been  used  recently 
include:  (a)  dispatch  reliability,  (b)  turnaround  time,  (c)  turnaround  t  me 
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in  combination  with  MTBF ,  (d)  guaranteed  spares  availability,  (e)  equipment 
return/cost  reimbursement  for  failure  to  meet  MTBF  goal,  and  (f)  maintain¬ 
ability  guarantees. 

In  most  recent  aircraft  purchases,  the  airframe  manufacturer  requires 
warranties  from  all  avionics  vendors,  although  specific  terms  may  be  nego¬ 
tiated  indivii  ually  with  the  airlines.  Most  airlines  prefer  dealing  directly 
with  the  avionics  vendor  concerning  warranty  action  and  involving  the  air¬ 
frame  manufacturer  only  when  disputes  arise. 

3.4.4  Warranty  Administration 

The  administration  of  warranty  claims  by  airlines  varies.  Some  carriers 
^aVC  ^orma^  warranty  claim  departments  under  either  purchasing  or  maintenance 
divisions.  In  others,  the  warranty  claims  are  handled  by  procurement  per¬ 
sonnel  who  also  have  other  duties. 

It  was  not  possible  to  obtain  a  substantial  quantity  of  data  on  the 
cost  of  warrai ty  administration.  A  summary  of  the  minimal  data  collected 
pertaining  to  all  aircraft  products  is  presented  as  follows: 

The  number  of  people  in  the  warranty-administration  departments  for 
three  large  airlines  averages  eight,  but  all  noted  that  other  per¬ 
sonnel  (e.g.,  maintenance,  purchasing,  data  processing)  also  spend 
some  time  on  warranty-administration  duties. 

Tie  administration  cost  per  warranty  claim  (burdened)  was  reduced 
by  one  carrier  from  $50  to  $60  down  to  $15  by  the  introduction  of 
more  efficient  clerical  procedures.  Another  carrier  noted  that  the 
clerical  salary  cost  per  claim  averaged  $16. 

The  forms  used  by  the  airlines  for  processing  warranty  claims  vary. 
Currently,  a  committee  composed  of  airline  representatives  under  the  aus¬ 
pices  of  the  Air  Transport  Association  is  attempting  to  develop  a  standard 
form  for  airline  processing  of  warranty  claims.  This  form  would  apply  when 
the  airline  performs  the  repair  and  is  to  be  compensated  by  the  vendor  for 
labor  and  materials. 

3.4.5  Warranty  Period 

Most  current  warranties  for  avionic  equipment  cover  a  three-year  period 
for  the  standard  or  failure-free  warranty.  In  some  cases,  where  the  equip¬ 
ment  has  proven  itself,  the  period  has  been  reduced  (at  some  price  saving 
to  the  airline}.  Where  calendar  and  operating  times  are  given,  the  ratio 
of  2,000  to  2,700  operating  hours  per  calendar  year  seems  fairly  standard. 

In  some  cases,  the  warranty  period  starts  with  delivery;  others  account  for 
shelf  life  before  initial  installation;  and  still  others  use  an  "average" 
delivery  or  installation  time  as  the  starting  basis. 

For  MTBF,  MTBUR,  and  cost-type  guarantees,  tne  period  is  usually  five 
years,  although  it  may  be  extended  if  requirements  are  not  met.  To  account 
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for  "infant  mortality"  problems,  there  may  be  a  stated  initial  period  over 
which  the  warranty  is  not  in  force,  or  the  guarantee  values  are  made  less 
restrictive  initially. 

3.4.6  Airline  vs.  Vendor  Maintenance 


Most  warranty  agreements  with  airlines  that  have  approved  maintenance 
capability  provide  the  airline  the  option  of  performing  its  own  maintenance. 
Rates  for  labo~-cost  reimbursement  are  negotiated  (currently,  $10  per  hour 
is  often  quoted),  and  the  vendor  supplies  repair  parts.  Frequently,  the 
agreement  includes  a  stated  maximum  number  of  labor  hours  for  repair  at  the 
module  or  unit  level. 

Most  airlines  prefer  to  do  their  own  maintenance  even  though  the  nego¬ 
tiated  labor  rate  generally  will  not  recover  all  of  the  overhead  expense. 
They  feel  that  the  savings  in  turnaround  time  and  resultant  reduced  spares 
requirement  provide  a  sufficient  offset.  For  complex  or  new  equipment, 
however,  manufacturer  repair  on  warranty  items  may  be  chosen  initially  until 
a  maintenance  capability  is  established.  Also,  there  is  a  possibility  of 
conflict  with  union  agreements  if  all  repairs  are  done  by  the  vendor. 

From  the  vendor  viewpoint,  a  variety  of  opinions  were  expressed.  Most 
vendors  will  allow  airline  maintenance,  but  they  all  noted  thut  there  is  a 
wide  variation  in  capability  among  the  airlines.  Vendors  prefer  to  do 
repairs,  at  'east  on  newer  items,  in  order  to  observe  directly  which  types 
of  failures  are  occurring,  to  track  failure  patterns,  and  to  perform  failure 
analyses  so  that  they  can  improve  the  product  and  thereby  reduce  warranty- 
repair  costs. A  smaller  vendor  did  note,  however,  that  if  all  airlines 
returned  units  under  warranty,  their  repair  facilities  would  be  very  much 
overburdened . 

In  nany  cases  vendors  will  maintain  representatives  at,  ^r  pe~'odically 
send  them  to  airline  maintenance  centers  to  provide  expertise  and  periodic 
training  of  inaintenance  personnel.  The  larger  vendors  have  a-so  established 
world-w*de  service  centers  to  handle  warranty  claims. 

3.4.7  Turnaround  Time 


The  newest  warranties  include  provision  for  guaranteed  turnaround  time 
(which  may  or  may  not  include  round-trip  shipping  time).  Tne  typical  war¬ 
ranty  provision  involves  the  consignment  of  additional  spares  based  on  the 
equation 


N  =  R (t  -  T) 


where 

N  =  number  of  spares  to  be  consigned 

R  =  3-month  moving  average  of  quantity  of  units  per  day  returned 
for  warranty  repair 
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<■  -  average  turnaround  time  (days,  3-month  moving  average) 

T  ~  guaranteed  turnaround  time 

1  inland Vvendor°interviewees  tUr a nqina^ftiine^  7*  BXpressed  b*  »»th  the  air¬ 
shipping  time) .  The  five-day  period  was°f or  7^  7  7**  (eXclusive  of 

rotable  pool.  A  period  of  t^o  wee^s  Ts  JrrLl  ^  ^  *st*h^«*  • 

can  be  used  for  most  avionic  equipment.  *  3  reasonable  average  that 

3-4*8  Lost  Claims 

one  representative^f'^very'^large  V**  “*  “  —  ■ 

to  eight  millio,  dollars  in  warranty  3  t0tal  of  seVen 

by  his  company.  The  most  frequently  cited  re^6^  claims  was  lost  one  year 
failure  of  liny  maintenance  personnel  tlf77  *7  reC°rd  inade^acies; 
the  need  for  quick  turnaround,  occasionally^! procedures>  and 
whrch  a  warranty  compensation  provision  maj  not S  ih-touse  repair  for 

percen^of ^arranty'registrations'^are^en^bacjt  « 

°'  °;al’S  iS  *»«  than  the  ^iTi^t™9' 

3-4-9  Unverified  Failures 

fied  failures.  Ranges  from°20  percent^o  eo^6^  removals  are  unveri- 
average  figure  of  40  percent  is^rotahll  8°  Percent  have  he*5"  noted.  An 
for  this  relatively  high  rate  is  that  faa^350?*1516'  °ne  ma3°r  reason  cited 
action  if  a  complaint  is  register^  U^a^^10"5  require  80*e  ^  of 
on  the  flight  line  is  remove  and  replace  ^  7, ?aSlest  course  of  action 

passengers  is  involved.  P  '  especially  when  a  plane  full  of 

mentj^rnot^et^ignifi^antlv  introd^tion  of  BITE  (built-in  test  equip- 
instances  may  have  increased  it  ( 7*1  .unverified  rate  and  in  some 

during  a  bank  may  activateln  erro^^dicaT  refleCtions  off  a  ^gar 
ing  perfectly).  The  BITE  circuit  mav  ale  ^  though  the  unit  is  work- 

problems,  causing  a  false  indicati^ cf uniTT*?™*  ***  reliability 
art  improvements  in  BITE  and  relaxation  of J1*1?6,  CUrrent  state-of-the- 
everything  may  improve  the  effective^.,  of  °£ 

hut  for  a  larglTnurber^/itm^th9'’'’9”''1'''3  no'trouhie-found  test  charges, 

-urn  charge  0/550  ap^ars  tlZ  ^  MU  »  -ini’ 

although  charges  as  hiqh  as  S75n  f  d'  With  3  maxiinum  of  about  $200, 
have  occurred  ThZ  airU™  !iu  i*««i*l  "*vigatio„  system 

nyttteSu^^:  bei„n  r  -  sr^t. 

8  heat  charge 
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3. 4. 1C  Disputes 


The  widespread  and  increasing  airline  use  of  warranty  provisions  should 
not  be  interpreted  to  mean  that  disputes  are  rare.  Interface  problems  were 
the  most  frequently  cited  cause  of  disputes,  although  this  is  probably  more 
applicable  to  non-avionic  equipment  (e.g. ,  the  vendor  claims  that  excessive 
engine  vibration  caused  failure  of  a  thrust  chamber) .  Most  disputes  are 
negotiated  directly  between  vendor  and  user.  Again,  the  importance  of  manu¬ 
facturer  reputation  and  integrity  in  the  competitive  airline  avionic  market 
is  worth  noting.  For  cases  in  which  no  settlement  can  be  reached,  the  air¬ 
line  will  appeal  to  the  airframe  manufacturer  when  he  has  overall  warranty 
responsibility. 

The  general  impression  gained  from  interviewing  airline  representatives 
was  that  disputes  concerning  warranty  responsibility  were  more  of  a  headache 
rather  than  a  serious  problem  significantly  reducing  the  value  of  warranty. 

A  number  of  interviewees  did  mention  that  care  has  to  be  exercised  in  avoid¬ 
ing  "escape  clauses"  in  the  contractual  warranty  provisions.  The  most  fre¬ 
quently  cited  examples  involved  stipulations  of  operating  and  maintenance 
conditions  for  which  the  vendor  could  easily  claim  that  the  warranty  was 
voided.  Delays  involving  delivery  and  installation  had  also  resulted  in 
disputes  concerning  warranty-period  coverage  for  individual  units. 

3.4.11  Warranty  Cost 

The  cost  increment  due  to  a  warranty  provision  is  of  considerable  inter¬ 
est.  There  is  no  doubt  that  the  price  of  avionic  equipment  includes  esti¬ 
mated  costs  of  future  warranty  repair  and  is  therefore  very  much  dependent 
on  the  anticipated  MBS  performance.  On  the  basis  of  a  number  of  informed 
statements,  a  range  of  4  percent  to  10  percent  per  year  of  the  basic  unit 
purchase  price  is  fairly  representative.  The  lower  percentages  would  apply 
to  the  simpler  units  with  proven  reliability.  The  higher  percentages  would 
apply  to  the  more  complex  units,  especially  the  newer  ones  that  are  still 
maturina. 

The  percentage  rate  cited  generally  applies  to  the  standard  type  war¬ 
ranty,  but  it  may  include  reliability  guarantees  and  other  forms  as  well. 
Because  of  the  wide  variety  of  equipment/warranty  factors  that  are  re¬ 
flected  in  the  percentages  quoted,  we  caution  against  using  them  for 
decision-making  purposes. 

3.4.12  Miscellaneous  Factors 


Several  other  factors  concerning  airline  use  of  warranty  provisions  in 

avionics  procurement  are  summarized  as  follows: 

•  Small  versus  large  vendors.  No  airline  representative  indicated  any 
major  difference  in  warranty  experience  between  small  and  large 
vendors . 

•  Shipping  costs.  In  many  cases,  the  airline  pays  for  one-way  shipp i «g 
costs  on  warranty  returns,  but  this  practice  is  not  universal. 


•  Legal  disputes.  The  number  of  legal  problems  resulting  in  court 
actions  resulting  from  warranty  provisions  has  been  negligible  for 
the  airlines  and  vendors  contacted. 

•  Performance  bonds.  No  instance  could  be  recalled  in  which  a  per¬ 
formance  bond  or  similar  contractual  provision  was  used  for  avionics 
procurement. 

3.5  THE  VALUE  OE  THE  AIRLINE  AVIONICS  WARRANTY 

The  widespread  use  of  warranty  clauses  in  avionics  procurement  and  the 
trend  to  increased  coverage  must  be  considered  as  strong  evidence  of  the 
value  airlines  place  in  warranty  provisions.  The  airlines  are  nc  sold  war¬ 
ranties;  they  seek  them.  No  airline  representative  we  interviewed  would 
approve  of  purchasing  equipment  without  at  least  a  starvdard-type  warranty. 

Vendors  accept  the  fact,  perhaps  reluctantly  in  some  cases,  that  more 
than  minimal  warranties  are  now  standard  practice  in  airline  avionics  pro¬ 
curement.  One  vendor  frankly  stated  that  "warranties  make  us  nervous". 

The  reason  for  this  feeling  is  clear.  Although  vendors  try  to  include  the 
estimated  costs  of  warranty  in  the  unit  purchase  price,  a  great  deal  of 
uncertainty  exists,  especially  for  the  newer  equipment. 

To  remain  competitive,  the  vendor  cannot  make  the  price  increment  due 
to  warranty  too  large.  If  the  reliability  of  the  product  is  good,  the 
vendor  may  realize  some  additional  profit  because  of  the  warranty.  On  the 
other  hand,  if  some  unanticipated  reliability  problem  occurs,  the  vendor 
may  incur  a  large  warranty-repair  cost.  In  addition,  he  may  have  to  consign 
spares  and  introduce  costly  modifications  if  an  MTBF  guarantee  is  involved 
in  the  warranty  clause.  Therefore,  the  possible  profit  increment  due  to  a 
warranty  clause  may  be  relatively  small  compared  with  the  possible  losses. 

Many  of  the  airlines  people  interviewed  expressed  the  opinion  that  war¬ 
ranties  are  not  designed  to  penalize  a  vendor.  They  believed  that  the 
profit/loss  potential  associated  with  warranties  will  motivate  vendors  to 
produce  more  reliable  equipment  and  to  provide  timely  support  or  modifica¬ 
tions  to  improve  equipment  reliability  performance .  Warranties  were  con¬ 
sidered  by  some  as  a  form  of  insurance  whereby  the  buyer  recovers  some 
of  his  excessive  ownership  costs  if  the  product  fails  to  meet  reliability 
goals. 

A  great  deal  of  money  is  involved  in  warranty  claims.  For  three  large 
airlines,  the  following  statistics  were  obtained: 

•  Airline  A  recovered  nearly  $50,000,000  in  warranty  claims  over  a 
three-year  period,  exclusive  of  claims  concerning  serious  engine 
problems,  which  have  now  been  corrected. 

•  Airline  B  recovered  a  total  of  $14,500,000  in  warranty  claims  over 
a  two-year  period  (1971-1972). 

•  Airline  C  recovered  a  total  of  $11,000,000  in  warranty  claims  for 
1972  (conservatively  estimated). 
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Information  obtained  from  two  of  these  sources  indicates  that  30  to  40  per¬ 
cent  of  these  dollar  values  represent  warranty  claims  for  av.onic  equipment. 
The  MTBF/spares-consignment  provision  can  also  involve  a  qreat  deal  of 
money.  In  one  instance,  a  manufacturer  had  to  consign  20  spares  costing 
$100,000  each  because  of  MTBF  problems.  A  number  of  modifications  to 
improve  reliability  were  introduced  by  the  manufacturer,  resulting  in  an 
approximate  doubling  of  MTBF. 

Some  differences  were  noted  in  the  warranty  philosophy  of  airline  pro¬ 
curement  personnel  as  contrasted  with  engineering  personnel.  The  procurement 
personnel  tend  to  place  greater  reliance  in  the  warranty  provisions  and  feel 
that  a  complete,  detailed  warranty  clause  could  be  a  good  basis  for  selecting 
a  vendor.  The  engineering  personnel,  however,  tend  to  place  less  reliance 
on  the  warranty  specifics  and  more  on  technical  reliability  factors  and 
manufacturers'  reputations. 

As  an  example  of  the  latter,  for  an  avionics  item,  one  large  airline 
did  not  select  a  vendor  who  proposed  the  lowest  price  (amonq  seven  bidders) , 
a  guaranteed  high  MTBF,  the  second  lowest  man-hours  per  operating  hour,  the 
lowest  material  cost  per  operating  hour,  and  the  best  dispatch  reliability. 
The  engineering  manager  who  discussed  this  case  with  us  simply  stated  that 
this  vendor  had  no  known  experience  with  this  particular  type  of  product 
and  that  he  would  be  “scared"  to  commit  the  airline  even  with  a  warranty 
clause. 

As  discussed  earlier  in  this  section,  warranties  represent  just  one 
factor  in  the  airline  procurement  environment  that  tends  to  yield  relia¬ 
bility  and  life-cycle-cost  values  much  more  favorable  than  those  of  com¬ 
parable  military  applications.  Although  it  is  not  possible  to  quantify 
precisely  the  impact  of  warranty  provisions,  there  is  no  question  that  the 
airline  community  has  had  a  very  satisfactory  experience  and  intends  to 
increase  its  reliance  on  warranty  for  more  inclusive  reliability  and  cost 
control . 
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SECTION  IV 

MILITARY  WARRANTY  INVESTIGATIONS 


4.1  INTRODUCTION 

-  <1TJe  rf?ulations  regarding  the  use  of  warranties  are  covered  in  the 
Armed  Services  Procurement  Regulation  (ASPR) ,  Paragraph  1.324  within 

v^rS10r"  *  ,en"al  fUnCtiMil  of  a  Warranty  is  pt- 

A  warranty  clause  gives  the  government  a  contractual  right  to 
assart  clams  regarding  the  deficiency  of  supplies  or  semLes 

tainino'to  not"“h8tanJln9  “V  oth«  contractual  provisions  per- 
mng  to  acceptance  by  the  government.  Such  a  clause  allows 
the  government  additional  time  after  acceptance  in  which  to 
assert  a  right  to  correction  of  the  deficiencies  or  defects  re- 
performance,  and  equitable  adjustment  in  the  contract  price’or 

latent^^r31^  '  thlS  ClauSe  has  l~en  used  ^  the  context  of  correcting 

warranty  ^s  W  "  ^  SUPplied‘  however,  the  concept  of 

ranty  has  been  expanded  to  provide  a  much  longer-term  relationship  with 

the  contractor  to  achieve  desired  performance  characteristics Bardina 
the  scope  of  a  warranty,  ASPR  Paragraph  1-324.5  states:  *  ^ 

"The  terns  and  conditions  of  the  warranty  clause  vary  with  the 

d— ar:,of  Frocur"”"t- 

duration  of  the  warranty.  The  clause  may  either  provide  that 

£ ;  “71U  be  liable  f°r  defects  -  nonconformance 
the  contract  requirements  existing  at  the  time  of  delivery, 
or  proviue  that  he  will  be  liable  for  such  defects  or  non- 
co.i  ormance  wmch  developed  prior  to  expiration  of  the  speci- 

^ventP"r  °f  timC  °r  bef°re  thC  occurrence  of  *  specified 


Subpaiagraph  C  sirates: 

"Where  the  government  specifies  the  design  of  the  item  and  its 
precise  measurements,  tolerances,  materials,  tests,  or  inspection 
requirements,  the  contractor's  liability  for  defects  or  non- 

thf  ~  deUveryUTlly  *  ^  t0  *»"  at 

.  thUS  appears  that  the  use  of  warranties  is  most  clearly  applicable 

correcting^deficiencie^f  ound^nbth^itep'procured^an^doee'not^extend^ 
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Preceding  page  blank 


consequential  dairages.  Because  of  the  possible  magnitude  of  such  damages, 
it  has  been  considered  by  many  sources  to  be  within  the  government's  best 
interest  to  act  as  a  self-insurer  for  this  area  of  liability  for  complex, 
high-value,  or  hazardous  items  such  as  aircraft,  ships,  missiles,  and  other 
military  systems  or  components  or  spare  parts . ^ 

Warranty  claims  that  cannot  be  resolved  through  the  designated  contract 
administrator  would  require  resolution  through  the  disputes  clause.  ASPR  7- 
103.12  provides  in  part: 

Except  as  otherwise  provided  in  this  contract,  any  dispute  concerning 
a  question  of  fact  arising  under  this  contract  which  is  not  disposed 
of  by  agreement  shall  be  decided  by  the  Contracting  Officer,  who  shall 
reduce  his  decision  to  writing  and  mail  or  otherwise  furnish  a  copy 
thereof  to  the  Contractor.  The  decision  of  the  Contracting  Officer 
shall  be  final  and  conclusive  unless,  within  30  days  from  the  date  of 
receipt  of  such  copy,  the  Contractor  mails  or  otherwise  furnishes  to 
the  Contracting  Officer  a  written  appeal  addressed  to  the  Secretary. 

The  decision  of  the  Secretary  or  his  duly  authorized  representative 
for  the  determination  of  such  appeals  shall  be  final  and  conclusive 
unless  determined  by  a  court  of  competent  jurisdiction  to  have  been 
fraudulent,  or  capricious,  or  arbitrary,  or  so  grossly  erroneous  as 
necessarily  to  imply  bad  faith,  or  not  supported  by  substantial  evi¬ 
dence.  In  connection  with  any  appeal  proceeding  under  this  clause, 
the  Contractor  shall  be  afforded  an  opportunity  to  be  heard  and  to 
offer  evidence  in  support  of  his  appeal.  Pending  final  decision  of 
a  dispute  hereunder,  the  Contractor  shall  proceed  diligently  with 
the  performance  of  the  contract  and  in  accordance  with  the  Contract¬ 
ing  Officer's  decision  ..." 

Although  this  process  can  entail  a  lengthy  resolution  process,  the  con¬ 
tractor  does  have  recourse  to  questions  of  fact  regarding  warranty  claims. 
Ideally,  the  definition  of  warranty  coverage  should  be  sufficiently  definite 
and  broad  in  coverage  to  minimize  the  need  for  such  action. 

Warranties  are  typically  concerned  with  the  product's  ability  to  meet 
prescribed  performance  characteristics  such  as  reliability.  A  number  of 
plans  have  been  considered  for  warrantying  reliability  characteristics,  but 
as  yet  no  precise  standards  or  commonality  of  terms  exist  to  describe  the 
various  plans.  Hughes  Aircraft  in  their  study  of  warranty  outlined  the  fol¬ 
lowing  plans: 

a‘  guarantee  plan  -  allows  any  number  of  failures  consistent 

with  P.eliability ,  Maintainability,  and  Availability  requirements  of 
the  operating  Commands  during  the  equipment  life  time,  with  the  manu¬ 
facturer  responsible  for  repair  and  test  of  each  item.  (This  type 
plan  is  also  known  as  failure-free  warranty;  see  Section  II.) 


DoD  Working  Group  on  Contract  Warranties,  June  1969. 

0 

Airborne  Electronic  Equipment  Lifetime  Guarantee,  Hughes  Aircraft  Company, 
RADC  TR  69-363,  November  1969. 
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b. 


Max  u  um 

failures 

liable. 


failure-rate  guarantee  plan  -  allows  a  certain  number 
'  per  unit  time,  above  which  the  manufacturer  becomes 


of 


£a_ilure-free  guarantee  plan  -  does  not  allow  any  failures,  with 
the  manufacturer  guaranteeing  the  equipment  to  be  failure-free 
for  an  extended  period,  subject  to  heavy  penalties. 


d. 


Other 
a  plan 
made. 


Used  to  denote  an  ASPR  type  of  guarantee  plan.  In  such 
only  qualitative  correction-of-deficiency  statements  are 


could  be  esJabli^  f  7  gUarantees'  «  possible  that  warranties 

could  be  established  for  other  utility  indices  such  as  support  cost  per 

landing,  maintenance  material  cost  per  operational  hour,  or  total  life- 
cycle  cost  for  some  stated  operational  period. 

4.2  MILITARY  WARRANTY  EXPERIENCE 


4-2>1  Naval  Aviation  Supply  Office 


The  Naval  Aviation  Supply  office  placed  a  contract  with  Lear  Sieoler 

Th!  !Tent  DlV1S1°n'  for  the  rePair  and  refurbishment  of  800  2171P  gyros 
The  gyros  are  used  m  the  A-4  and  F-4  aircraft.  The  warranty  provided  that 

(whicheverCCU'rlf9  th*  COVGrage  Pcriod  of  1,500  hours  or  five  vears 

hichever  came  first)  would  be  repaired  on  a  fixed-price  basis  The’ fixed 

price  was  determined  from  the  number  of  failures  that  would  occur  during  the 
/l  °peration  and  the  contractor's  cost  to  perform  a  repair 
fi^I  failures  was  derived  from  the  previously  observed  field  MTBf!  mldi- 

l  lhllVe  3  30"percent  improvement  in  reliability.  The  base  MTBF  was* 
00,  which  when  increased  by  30  percent  would  produce  I  520-houI  va^  "he 

iSS US L»7TTS:tIw“  to  be  derived  fror'  a>  =f  e” sti™ 

and  ,3)  L"S:rp"“™«f  additional  reliability  improvements, 


1(.  "fra'^  pr  Vlded  '"hat  all  units  returnee  co  Lear  Siagler,  except 

‘  r W  .H  brok^n  scals  °r  obvious  damage,  would  be  repaired  and  tested  by 

tieglerJ\thlI‘  thC?  C°ntraCt  fixed  price-  Warranty  exclusions  w^fto 

The  conCIcf  ^  the  rCa^ent  GoVer™ePt  quality-control  representative. 

The  contract  also  provided  that  no  additional  charges  would  be  made  for  un< 
that  were  subsequently  found  to  be  good. 


MTBF  lax  rlT  ^  was  implemented  in  1968,  at  which  time,  as  noted,  the  fiel 

JTIblut  380  to*!  ™  °St  400  hC■JrS,  at  the  midy''ar  P°i"h  “  had  droppc 
,  f'OLrS  COr;tr“ctor  intensified  his  actions  to  improve  roll- 

Tvn<  J  '  *  a  result,  a  value  of  523  hours  was  reported  in  April  1072  9 

sealHid'  redd^de  tVChiCVe  th“*  included  imp  ^ed 

solder  seals  ard  the  addition  of  an  inner-race  bearing  nut  to  reduce  truer'  , 
aWndreva?uatId?ddltl0nal  Char96S  ^  been  a"d  othepS  a«  b-"g  test* 


1972.  gler'  Te  hri-al  and  Contract  Coordination  Meeting  Report,  22  June 
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The  gyro  field  reliability  performance  is  monitored  through  the  use  of 
3M  data  plus  data  generated  by  Lear  Siegler  from  monitoring  its  in-house  re¬ 
pair  activities.  Irom  these  data,  Lear  Siegler  has  developed  data-processing 
programs  that  develop  warranty  program  history  by  equipment  serial  number 
plus  a  variety  of  summary  reports  related  to  configuration  data,  failure¬ 
mode  distribution,  and  equipment-status  statistics. 

To  date,  approximately  2,000  units  have  been  returned  for  repair.  Of 
these,  all  but  two  have  been  repaired  under  the  warranty.  Both  units  were 
damaged  to  a  point  where  repair  was  totally  uneconomical.  The  Lear  Siegler 
contract  requires  that  units  that  are  returned  for  warranty  repair  but  are 
later  found  to  have  no  defect  are  processed  at  no  additional  charge.  Ex¬ 
perience  has  shown  che  no-trouble- found  rate  to  be  16  to  17  percent  of  total 
returned  gyros. 

Jailed  units  are  returned  to  Lear  Siegler  from  either  east  coast  or 
west  coast  Navy  supply  centers.  Average  transit  time  ranged  from  53  to  69 
days  (removal  to  receipt).  The  average  ship-to-install  time  was  87  to  109 
days.  Overhaul  facility  turnaround  time  ranged  from  67  to  89  days.  The 
warranty  contract  required  that  turnaround  be  accomplished  within  45  days. 
Although  no  explicit  penalty  was  called  out  in  the  contract,  it  was  mutually 
agreed  that  the  difference  in  actual  turnaround  time  versus  that  guaranteed 
would  be  added  tc  or  subtracted  from  the  warranty  period. 

An  added  benefit  derived  from  the  study  was  the  performance  of  approxi¬ 
mately  50,000  hours  of  laboratory  reliability  testing  by  Lear  Siegler  as 
part  of  their  reliability- improvement  efforts.  Additionally,  approximately 
3,700  hours  of  field  reliability  testing  of  design- improved  operational  units 
was  completed. 

One  major  problem  encountered  in  establishing  the  contract  concerned 
the  securing  of  proper  funding  authority.  Since  the  program  was  related 
to  maintenance,  it  was  clear  that  O&M  funds  were  appropriate.  However,  the 
warranty  contract  was  a  multi-year  agreement,  and  O&M  monies  may  be  allo¬ 
cated  on  an  anrval  basis  only.  Authority  was  finally  received  to  fund  the 
program  incrementally  on  an  annual  basis. 

Overall,  both  the  Navy  and  Lear  Siegler  are  satisfied  with  the  program. 
Lear  Siegler  has  indicated  that  the  project  has  been  profitable  and  highly 
useful  since  it  provides  direct  feedback  to  them  concerning  the  field  per¬ 
formance  of  their  products.  Although  definitive  studies  have  not  been  made, 
Navy  personnel  believe  that  the  Lear  Siegler  units  have  higher  reliability 
than  similar  units  processed  through  normal  Naval  repair  facilities.  Al¬ 
though  no  firm  data  are  available,  a  20-percent  saving  in  repair  costs  and 
fleet  maintenance  costs  has  been  estimated.  Considering  the  cost  of  repair 
only,  it  is  estimated  to  be  $1,150  under  the  Lear  Siegler  program,  as  com¬ 
pared  with  $l,4go  to  $1,500  for  repair  at  Naval  facilities. 

4.2.2  NAVAIR 

NAVAIR  has  procured  two  systems  usi ig  warranties  --  the  Radio  Altimeter 
AN/APN- 1 94  and  an  Onega  receiver,  AN/ARN-99 (V-l ) .  The  highlights  of  these  pro¬ 
curements  are  described  in  the  following  subsections. 
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4 . 2 . 2 . 1  Padio  Altimeter 


A  procurement  contract  was  awarded  to  Honeywell  for  a  quantity  of 
AN/APN-194  Radio  Altimeters  as  replacements  for  the  AN/APN-141.  The  con¬ 
tract  includes  a  service  warranty  providing  coverage  of  1500  hours  or  two 
years,  whichever  comes  first.  The  award  price  is  $4,900  per  unit,  including 
warranty.  The  AN/APN-141  was  priced  previously  at  approximately  $4,100. 

The  contract  also  requires  the  contractor  to  repair  or  turn  around  all 
returned  units  within  45  days.  Failure  to  do  so  results  in  a  penalty  of 
0.5  percent  per  day  of  the  acquisition  price.  An  option  for  additional 
warranty  coverage  was  provided  at  an  annual  rate  of  seven  per  cent  of  the 
original  purchase  price. 

The  AN/.iRN-194  procurement  made  use  of  the  normal  specifications, 
including  reliability  and  maintainability  demonstrations,  as  well  as 
standard  configuration-control  procedures. 

Past  experience  with  the  AN/APN-141  indicated  that  it  had  an  MTBF  of 
about  40  to  50  hours.  Experience  to  date  on  the  initial  production  quan¬ 
tity  of  24  units  revealed  a  verified  MTBF  of  approximately  700  hours. 

This  was  achieved  in  part  through  the  implementation  of  several  no-cost 
reliability  ECPs  by  the  contractor. 

4. 2. 2. 2  Omega  Receiver 

A  contract  was  placed  with  Nortronics  for  procurement  of  the  AN/ARN 
99 (V-l )  Omega  Receiver.  The  contract  contains  a  two-year  warranty  clause. 
The  maintenan  e  concept  for  this  unit  is  to  employ  built-in  test  to  identify 
a  failed  nvodjle  and  to  ship  the  failed  unit  back  to  the  manufacturer  for 
service. 

The  principal  warranty  provisions  used  for  the  Omega  Receiver  are  as 
follows: 

i  » 

"Warranty  -  The  Contractor  warrants  that  at  the  time  of  acceptance  all 
supplies  furnished  under  this  contract  will  be  free  from  defects  in 
material  and  workmanship  and  will  conform  with  the  specif ications  and 
all  other  requirements  of  this  contract  and  that  for  two  (2)  years 
after  acceptance  all  failures  in  supplies  shall  be  repaired  in  accor¬ 
dance  with  the  remedies  set  forth  in  this  clause:  proviced,  however, 
that  with  respect  to  Government-furnished  property,  the  Contractor  ^ 
warranty  shall  extend  only  to  its  proper  installation,  unless  the 
contractor  performs  some  modification  or  other  work  on  such  property, 
in  which  case  the  Contractor's  warranty  shall  extend  to  such  modifi¬ 
cation  cr  other  work." 

"Right  to  Corrective  or  Replacement  Action  -  In  the  event  of  a  breach 
of  Contractor's  warranty  or  any  failure  in  the  supplies  as  noted  in 
paragraph  above,  the  Government  may,  at  no  increase  in  contract  prree, 
(1)  require  the  Contractor,  at  the  original  point  of  delivery  or  at 
the  Contractor's  plant,  to  repair  or  replace,  at  the  Contractor's 
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election,  defective  or  nonconforming  supplies,  or  (2)  require  the 
Contractor  to  furnish  at  the  Contractor's  plant  such  materials  or 
parts  and  installation  instructions  as  may  be  required  to  success¬ 
fully  accomplish  the  required  correction.  The  Contractor  shall 
also  prepare  and  furnish  to  the  Government  data  and  reports  appli- 
CaileJ°  any  correction  required  under  this  clause  (including  revision 
and  updating  of  all  affected  data  called  for  under  this  contract)  at  no 
increase  in  the  contract  price.  When  supplies  are  returned  to  the 
on  ractor,  the  Contractor  shall  bear  the  transportation  costs  from 
the  original  point  of  delivery  to  the  Contractor's  plant  and  return  to 
the  original  point  of  delivery." 

"Right  to  Eguitable  Adjustment  -  If  the  Cover  ment  does  not  require 
correction  or  replacement  of  defective  or  nonconforming  supplies  or 
the  Contractor  is  not  obligated  to  correct  or  replace  by  reason  of 
paragraph  below,  the  Government  shall  be  entitled  to  a  reduction  in 
he  price  of  such  supplies  which  is  equitable  under  the  circumstances." 

Additionally,  the  contractor  s  required  to  correct  or  replace  any 
;  rtr“  f°r  Warranty  Within  60  daVs  of  the  date  of  return.  In  the 

^  ftl0n  18  n0t  accomPlis^ed,  the  contract  provisions  provide  for 
liquidated  damages  at  the  rate  of  3.5  percent  per  day,  not  to  exceed  25  per¬ 
cent  of  the  unit  cost. 

nr  infomation  is  currently  available  to  evaluate  the  success  of  this 

program • 


4-2-2*3  USAF  Aeronautical  Systems  Division 

for  c I>!  19!6'  ThG  *?"ni  Aircraft  System  Project  Office  and  the  ASD  Deputy 
or  Subsystems  Compass  and  Reference  System  Section,  initiated  an  effort 
to  determine  the  best  plan  for  additional  procurement  of  the  auxiliary 

altltude  reference  system  for  the  F/FB-111  aircraft.  Previously, 
neootiff  rCC  SyStem  had  been  secured  from  General  Electric  on  a  sole-source 
cided  to  Pf°CUrement  T*1*'  AS  Part  °f  “**  Plannin9  effort,  it  was  de- 
ranty  provision!  COmPetUiVe  ba8is  and  to  include  a  service  war- 

An.RfP  was. issued  to  25  contractors;  two  responses  were  received  — 

lor'lS  u^  ThC  re8ultant  contract  was  awarded  to  Lear  Siegler 

Mav  ]Q7 ?  l  *  *  delivery  to  be  started  in  May  1971  and  completed  in 

Tor  3  000  ?°-  F33657-69-C00662).  The  warranty  provision  called 

for  3,000  hours  or  five  years  of  use. 

Through  the  competitive  procurement,  an  acquisition-cost  reduction  of 

or  SrnS  JrYl  eVed  °n  the  total  Byst“  and  controller), 

ThoScoJt  Of  h  '  Ver!US  “  avera9e  of  S14.969  for  pr.vlou,  procurement. 

.  th  gyr°  Was  56 ' 040  Per  unit  plus  $2,200  for  the  five-year  war- 

c^nTper  yeJ?rr“ty  *"  ■»»  .coition  ~st  ^“Y^r- 
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Cost  of  repair  of  the  G.E.  gyro  under 
for  each  repair.  The  Air  Force  depot  cost 
$1, 275, event uaily  reducing  to  $978.  Using 
showed  that  the  hourly  cost  to  operate  the 
with  $3.03  for  tie  G.E.  unit  with  AF  depot 
factory  repair.10 


contract  to  G.E.  was  $1,622 
to  repair  was  estimated  to  be 
tnese  rates,  J.  L.  Higgins 
LSI  unit  was  $2.75,  compared 
repair  ^nd  $3.99  with  G.E. 


Failed  gyros  are  sent  to  Lear  Siegler  via  McClellan  Air  Force  Base 
and  from  General  Dynamics,  the  F-lll  contractor,  wno  is  also  installing 
the  units  in  new  aircraft. 

To  monitor  the  gyro  performance,  Lear  Siegler  makes  use  of  AFM  66-1 
and  the  Data  System  Automation  Program  Number  D057  in  association  with 
their  in-house  data  derived  from  monitoring  their  repair  operations  to 
monitor  the  reference  system's  performance.  In  addition,  each  gyro  has 
its  own  time  meter. 


The  unit  is  receiving  approximately  26  flying  hours  per  month  and  is 
incurring  approximately  1.5  times  that  amount  in  ground  time,  “t  has  been 
reported  that  Lear  Siegler  has  incorporated  two  no-cost  Class  2  changes  in 
the  gyro  to  date. 

No  specific  operational  results  have  been  reported  to  date.  The  pro¬ 
curement  section  at  Headquarters  AFSC  (.s  preparing  a  cost -comparison  study 
of  the  G.E.  and  Lear  Siegler  units.  It  is  expected  that  results  of  this 
analysis  will  be  available  in  July  or  August  1973. 

4. 2. 2. 4  US)lF  Electronics  Systems  Command 

The  Electronics  Systems  Command  has  under  development  a  solid-state 
TACAN  system  scheduled  to  be  the  future  standard  replacement  system  for  the 
current  tube-type  systems.  It  is  designated  the  AN/ARN-106  (formerly 
ARN-XXX)  ,  and  the  development  effort  is  directed  toward  achieving  a  design- 
to-cost  value  of  $10,000  per  unit  and  a  1,000-hour  MTBF.  Competitive 
development  contracts  have  been  let  to  Collins  Radio  and  General  Dynamics. 

As  part  of  the  development  proposal  submitted,  the  competing  contrac¬ 
tors  were  askel  to  provide  estimates  for  warranty  coverage  for  an  initial 
24-month  period  plus  annual  opti  >ns  for  three  subsequent  years  for  a  range 
of  specified  production  quantities.  The  major  provisions  of  warranty  re¬ 
quirements  set  forth  in  the  TACAN  RFP  are  paraphrased  as  follows: 

Part  1  —  Statement  of  Contractor  Warranty 

•  Each  TACAN  set  will  be  free  from  defects  in  material  and 
workmanship  and  will  operate  in  its  intended  environment  in 


10Major  J.  L.  Higgins,  USAF,  Master's  Thesis,  Long-Term  Service  Warranty 
Contracts:  A  Case  Example  of  Gyroscopes  purchased  under  Warranty,  Air  Force 
Institute  of  Technology,  September,  1972. 


accordance  with  the  specifications  of  the  contract. 

•  Any  set  not  meeting  such  warranty  will  be  returned  to  the 
contractor's  plant  or  designated  repair  facility  at  the 
expense  of  the  Government  and  will  be  repaired  or  replaced 
at  contractor's  sole  option,  at  contractor  expense,  so  as 

t?  operate  in  accordance  with  said  specifications.  The  con¬ 
tractor  will  ship  the  repaired  or  replaced  item  back  to 
Government  in  an  appropriate  shipping  container,  freight  not 
allowed. 

•  The  contractor  is  under  no  obligation  for  loss  or  damage 
resulting  Irom  fire,  explosion,  flood,  crash,  enemy,  etc., 

or  for  units  whose  seals  are  broken  outside  contractor's  con¬ 
trol.  The  contractor  will  not  be  liable  for  special  conse¬ 
quential  or  incidental  damages  to  Government  property. 

Part  2  —  Contractor  Obligations 

•  All  contractor- initiated  BCPs  for  the  TACAN  set  will  be  at  no 
change  in  contract  price. 

•  The  contractor  will  have  warranty-period  information  displayed 
on  the  units,  showing  the  following: 

••  Action  to  be  taken  on  verifying  failure 
• •  Failure-data  recording 
••  Packaging  and  shipping  information 

•  A  30-day  turnaround  time  (repair)  is  specified. 

•  Records  by  serial  number  for  each  unit  under  warranty  will 
be  maintained  by  the  contractor.  These  records  will  include 
date  shipped,  date  failed,  date  received,  and  date  reshipped, 
with  corresponding  elapsed- time- indicator  readings  as  well  as 
the  warranty  period  used. 

•  The  contractor  will  place  these  warranty  provisions  in  all 
technical  manuals  that  provide  coverage  for  this  TACAN  set. 

•  The  contractor  will  have  continuing  responsibility  for  any 
unit  received  on  or  before  the  last  day  of  the  warranty 
period. 

Part  3  —  Government  Obligations 

•  The  Government  will,  to  the  extent  possible, 

••  TeJt  all  sets  at  point  of  removal  prior  to  return  to 
contractor. 
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Furnish  maximum  failure-circumstance  data  and  test 
readings  correctly  recorded  on  AFTO  211  or  equivalent. 

••  Utilize  approved  container  and  packaging. 

Return  unit  within  60  days  of  failure  although  the 
warranty  will  still  be  valid  if  the  unit  is  not  re¬ 
turned  within  60  days  or  failure-circumstance  data 
are  not  furnished. 


Since  the  warranty  provides  high  contractor  motivation  for  total 

mitt-JT  0l'  thG  Governn’ent  agrees  that  all  no-cost  ECPs  sub¬ 
mitted  m  accordance  with  MIL-STD-480  will  receive  special  expe- 
itious  processing  through  the  approved  cycles.  Any  such  ECP 
shall  automatically  be  approved  by  the  Government  30  days  after 
receipt  by  the  TCO  except  as  notified  in  writing. 


Part  4  —  Miscellaneous 


The  Government  representative  at  the  plant  will  be  notified  when 
repair  may  not  be  covered  by  warranty. 

instruetiOM  WiU  bC  9iven  f°r  the  disP°sition  of  units  not 
considered  to  be  economically  repairable. 

The  Government  will  provide  equitable  adjustments  in  price 
for  negotiating  repair  not  covered  under  warranty. 

If  repair  time  exceeds  specified  turnaround  time,  the  warranty 
shall  be  extended  day-for-day  for  each  day  in  excess. 

Removed  materials  will  become  the  contractor's  property  as 
provided  in  the  disposition  clause  above. 

A:iy  unit  that  falls  within  the  provisions  of  the  disposition 
clause  or  is  declared  lost  shall  have  an  equitable  adjustment 
in  contract  price  for  the  unused  portion  of  the  remaining 
warranty.  ’ 

The  Government  will  not  be  required  to  provide  facilities, 

°r  equipments  of  any  type  for  contractor  performance 
under  the  warranty. 

The  contractor  will  be  required  to  correct  deficiencies  in 
accepted  units  at  no  change  in  price  even  though  a  failure 
has  not  occurred . 


5  Data  Requirements 

To  evaluate  the  extended-warranty  procurement  concept,  the  con- 
trac.oi  will  provide  the  following  data  items: 

Warranty  data  report  issued  every  six  months  containing  (1) 
populacron  information  on  all  delivered  items,  including 
serial  number,  of  each  TACAN  set  repaired  or  replaced  unde' 
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warranty  showing  ETI  and  date  and  time  of  receipt  and  reship¬ 
ment;  (3)  analysis  of  TACAN  failures,  including  diodes,  trends, 
or  patterns  of  failure  from  field  usage,  and  recommended  or  pro- 
??  m^10n  coverlng  correction  action;  (4;  detailed  record 
='ts  di®posltioned  during  preceding  six-month 
period,  (5)  other  pertinent  date,  f.cte,  or  Intonation  et  die- 
cretion  of  contractor. 


Warranty  effectiveness  study,  issued  annually,  will  contain: 

(1)  report  of  experience  and  conclusion,  if  appropriate,  re- 
arding  the  effectiveness  of  the  warranty  concept  applied  by 
this  contract;  (2)  recommendations  and  suggestions  regarding 
warranty-clause  provisions  that  may  be  of  mutual  benefit  to  the 
Governmert  and  industry  in  future  procurements.  The  initial 
warranty  period  of  24  months  will  extend  for  all  production 
units  subsequent  to  the  acceptance  and  delivery  of  the  last 
production  unit. 


As  noted  at  the  outset  of  this  discussion,  AN/ARN-106  is  currently 
being  developed.  The  decision  to  include  a  warranty  as  part  of  the  pro¬ 
duction  contract  remains  to  be  made.  At  this  time,  it  appears  that  pro¬ 
ject  personnel  view  the  use  of  warranties  favorably. 

4. 2. 2. 5  USAF-OCAMA 

OCAMA  procured  a  flight  director  system  (FD-109)  to  be  retrofitted 
into  the  KC-135  aircraft.  A  contract  was  awarded  to  Collins  Radio  for  their 
system,  which,  in  effect,  represented  a  modification  of  tneir  standard 
flight  director  with  a  computation  function  added  to  provide  a  rotation  and 
go-around  capability. 

The  contractual  agreement  provided  for  a  two-year  failure-free 
warranty  plus  guaranteed  life-cycle  cost.  The  contractual  values  were 
predicated  on  achieving  an  MTBF  of  about  420  hours. 

The  unit,  when  initially  deployed,  achieved  an  MTBF  in  the  vicinity 
o  100  hours.  The  reliability  has  since  grown  to  about  250  hours,  still 
falling  short  of  the  original  figure.  However,  it  is  understood  that  some 
isagreement  has  arisen  between  the  Government  and  the  contractor  regarding 

the  use  of  flying  hours  alone  or  flying  hours  plus  "round  time  in  the  com¬ 
putation  of  MTBF. 

4.3  CONTRACTOR  ACCEPTANCE  OF  WARRANTIES 

0ne  of  the  questions  of  concern  in  accomplishing  the  interviews 

with  equipment  vendors  was  the  degree  to  which  vendors  would  be  willing  to 
respond  to  eqvipment  procurements  that  contain  warranty  provisions.  As 
expected,  enthusiasm  for  warranties  ranged  from  poor  to  highly  favorable. 
However,  all  vendo-s  queried  indicated  that  they  would  respond  if  those 
were  the  conditions  imposed  in  the  procurement.  Those  vendors  who 
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favored  the  use  jf  warranties  felt  that  it  constituted  an  ideal  mechanism 
for  them  to  observe  directly  how  their  products  performed  in  the  uBe 
environment  and  placed  them  in  a  position  to  improve  their  product  to  gain 
wider  acceptance.  Those  less  optimistic  about  the  use  of  warranties  felt 
that  it  could  become  a  marketing  gimmick  and  as  such  would  be  subject  to 
escalation,  with  mote  and  greater  requirements  being  imposed  as  a  result 
of  the  competition  to  sell  products. 

All  vendors  interviewed  felt  that  it  was  highly  important  that  the 
use  environment  be  clearly  specified  to  permit  adequate  pricing  of  the 
warranty.  I rcper  specification  would  identify  the  aircraft  in  which  the 
avionics  would  be  installed  and  provide  a  reasonable  estimate  of  the 
expected  flying  program  for  that  aircraft.  They  felt  that  equipments 
could  be  purchased  for  multiple  application  as  1 .ng  as  the  proportion  of 
each  application  was  clearly  identified. 

Most  vendors  queried  indicated  that  they  would  be  extremely  reluctant 
to  permit  military  maintenance  organizations  to  accomplish  warranty  repairs 
for  which  they  were  liable  for  reimbursement.  Some,  however,  did  express 
an  open  mind  on  the  subject  and  indicated  that  it  might  be  feasible  after 
more  experience  was  acquired  concerning  military  maintenance  facilities, 
and  that  such  concepts  could  be  evolved,  perhaps  augmented  with  technical 
representatives  located  at  the  military  facilities. 

4.4  MATERIAL  FLOW  UNDER  WARRANTIES 

Repair/replacement  actions  for  most  warranty  contracts  that  have  been 
thus  far  implemented  in  the  military  have  been  accomplished  at  the  vendor's 
plant.  Failed  items  are  normally  sent  through  the  traditional  supply  lines 
to  the  controlling  depot.  At  this  point,  they  are  then  directed  to  the 
vendor's  plant.  Shipping  costs  have  been  borne  by  either  the  vendor  or  the 
government,  depending  on  the  terms  of  the  warranty  contract.  Such  a  flow 
is  no  doubt  the  easiest  to  implement  since  it  makes  use  of  the  normal 
supply  channels.  However,  the  time  required  for  a  unit  to  transit  this 
channel  can  oe  a  matter  of  two  to  three  months,  constituting  a  lengthy 
pipeline  that  must  be  filled  with  added  spare  units  to  maintain  equipment 
on  site. 

An  experimental  program  is  being  implemented  within  the  Navy  that 
entails  direct  shipment  from  the  using  squadron  to  the  vendor’s  repair 
facility,  with  replacement  being  made  in  the  same  manner.11  At  the  using 
operation,  after  the  decision  has  been  made  to  return  the  uniu,  a  message 
is  sent  to  the  vendor  that  a  unit  is  being  returned.  The  vendor,  upon 
receiving  this  message,  initiates  action  to  Bhip  a  replacement  unit  within 
a  prescribed  period  of  time  (24  hours) .  The  replacement  item  is  drawn  from 
a  bond  room  that  he  maintains  to  house  spare  units  previously  purchased  by 

11  The  Closed  Loop  Aeronautical  Management  Program  (CL.bMP)  is  being  used 
by  the  Navy  to  support  A7-E  aircraft. 
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Mir’it'IZo?'  “p°n,rec'1Pt  °f  «>«  item,  the  contractor  *111  re- 

this  prograrr^is^cing1  tried  MuZ  T'  Alth°“5h>  “ 

have  merit  anrt  cV,„  1*  ,,  itially  this  year,  the  concept  is  considered  to 

With  the  support  r^«  ““  “dUCti°n  *"  ^  **"  “■0cUt*d 

9„„„  Jt1*  °f  “tlorlied  shipping  containers  is  of  paramount  Importance 

sitZL:rZhe”^ti0rd  th“  °"6  °f  the  -*•  P™«*£  areas  -aT^n*: 
successful "  ,™arlSt  contalnets  corrected  this  problem.  To  be 

uccessfui,  a  warranty  program  must  be  established  to  assure  that  proper) v 
designed  containers  are  secured  and  used  for  material  handling  * 

4.5  PROCUREMENT  TESTING  REQUIREMENTS 

arrav^f  “^rements  f°r  continued  testing  (as  currently  dictated  by  the 
array  of  military  specifications)  when  a  warranty  is  in  effect  have  been 

^ro“rma;ketnh.V«rfr  in^“ted  th“  in  Pacing  products  for  the  com- 

f:  *rket  he  performs  the  equivalent  of  the  Mil-Spec  tests  at  consider- 
eli C°f  ^ecause  of  his  ability  to  organize  them  optimally  and  the 

ou^Z  Zfu«hereeVd  ?h°Vl<i'  “tenslv»  documentation  concerning  their 
•  e  further  noted  that  such  formal  testing  could  increase  hia 

full^sharS^v^tr  65  P€rCent‘  ™i8  opinlm,  however,  was  not 

!  vendors.  Some  stated  that  some  form  of  testing  was 

consistent  reifications  were  a  Z.o2bZ, 

consistent  basis  for  meeting  testing  requirements.  It  was  also  noted  that 

purchase '"of  major  airlinefl  are  Performing  in-house  testing  prior  to  the 
some  airlin  3  pr°djCt  to  verify  its  performance  capability.  In  addition, 
to  the  d  n6S  are  recurring  a  mininnim  amount  of  bum- in  testing  time  prior 

be  SawS  s  STt°s  3  T  °r  item-  The  9eneral  consensus  thatcan 

arawn  is  that  some  form  of  testing  is  definitely  recall  red  „rlnr 

decreased^OTewhat  tlTt  th^  3  perhaps  lt8  "^"itude  could  be 

be  reduced.  extensive  documentation  now  required  could 

4.6  CONFIGURATION  CONTROL 

is  thenLifitI)eofUrhament;1  Premises  of  the  failure-free  warranty  concept 
considers ‘appropriate  sZuctTo  ^ lUty  * 

technical  activity  ^  approval  of  the  cognizant  military 

requiring  St  L  o,  ““canty  contracts  of  this  type  have  provisions 

a  specified  period  of "tlZ  nn’T1*’?'1  "UCh  prop°8,,a  "c-coet  ECPs  within 

could  l.,"  tTrSoUf^.i  ?* 'B> '  “  **  “gu«i  that  euoh  changas 

however,  shows  that  the  opposite  has *  Ljjnited  experience, 
is  motivated  to  increase  relish!  m-  v,  encountered.  Since  the  contractor 
item  to  achieve  this^rd.  Ui  Y'  he  extends  every  effort  to  modify  the 
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4.7  MANAGEMENT  TATA 


Support  of  each  of  the  military  warranty  programs  reviewed  required 
that  the  contractor  supply  the  Government  data  concerning  the  warranty 
status  of  contracted  items.  In  the  cases  examined,  the  contractors  have 
combined  service-generated  data  with  records  they  have  gathered  from  the 
repair  operations  to  develop  the  needed  management  information. 

Higgins,  in  commenting  on  the  Air  Force  data  system,  noted  that,  in 
combination,  existing  data  systems  supply  most  of  the  needed  information 
for  warranty  administration.12  Major  data  systems  he  believed  could  con¬ 
tribute  were: 

D073  —  Management  of  Items  Subject  to  Repair 

D041  —  Repairable  Consumption  Item  Requirements  System 

D147  —  Repairable  Item  Movement  Control  System 

6068  —  Depot  Repair  Cycle  Management  System 

D057  F&G  —  Advanced  Configuration  Management  System 

Of  these,  he  believed  that  D057F,  in  combination  with  D041,  formed  the 
main  data  sources.  Other  data  sources  included  G072,  D056,  AFM  66-1,  and 
the  Air  Force  Recoverable  Assembly  Management  System.  He  also  observed 
that  current  data  systems  were  developed  on  a  commodity  basis  rather  than 
on  a  system  basis,  thus  preventing  ready  identification  of  the  performance 
of  a  specific  equipment  type  by  a  single  manufacturer. 

As  noted  in  the  preceding  discussion  concerning  the  ASO-Lear  Siegler 
gyro-repair  warranty  contract,  service  data  systems  are  used  in  combination 
with  contractor-generated  data.  Table  IV  describes  the  type  of  reports, 
and  their  contents,  that  are  currently  being  developed  to  support  this 
warranty  program.  The  data  package  is  more  comprehensive  than  would 
normally  be  required  to  administer  a  failure-free  warranty  program,  but  the 
added  displays  related  to  failure-mode  information  are  considered  quite  use¬ 
ful  for  reliability  engineering  investigation. 

A  warranty  program  requiring  demonstration  of  a  system  parameter  such 
as  MTBF  would  require  reporting  of  not  only  failure  information  but  success 
hours  as  well.  Since  aircra't-utilization  hours  are  commonxy  reported,  it 
is  necessary  to  estimate  operation  in  hours  by  applying  the  ratio  of  qround 
hours  to  flying  time.  Additionally,  classification  of  failures  becomes 
more  critical  and  more  definitive  reporting  is  required  to  assure  that  both 
parties  can  mutually  agree  to  decisions  made. 

In  summary,  current  military  data  systems  augmented  by  contractor  in¬ 
puts  can  support  warranty  programs.  It  would  be  desirable,  however,  to 
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J.  L.  Higgins,  op.  clt. 


TABLE  IV 


LEAR  SIEGLER- ASO  WARRANTY  REPORTS 


FFW  Warranty  Program  Report.  Displays  on  a  cumulative  basis  all  available  information 
relative  to  a  given  repair/overhaul  action  on  a  given  unit  by  FFW  serial  number.  Data 
displayed  may  be  categorized  aa  identification  information,  incident  information,  re¬ 
ceiving  information,  repair  information,  and  shipping  information. 

System  Status  Suircnary  Report.  Lists  pertinent  in-out  types  of  data  in  FFW  serial- 
number  sequence.  It  displays,  on  a  cumulative  basis,  certain  specific  information 
relative  to  a  unit's  identification,  receipt,  shipment,  and  FFW  program  status  with 
a  specific  indication  of  remaining  warranty  hours. 

— *-e-  Dat?  Reportf .  Provides  specific  data  showing  the  time  sequence  of  activity  for 
each  FFW  unit.  This  permits  tracing  each  unit  with  all  information  sequenced  by  calen¬ 
dar  time.  For  each  serial  number,  a  complete  history  of  in,  out,  installed,  and  re¬ 
moved  data  is  sequenced  with  action  datea  and  clocked  hours. 

Lgw-Activity-Unlt  Suranary  Report.  Lists,  in  order  of  descending  number  of  days,  those 
FFW  units  for  which  no  activity  has  been  reported  within  90  days  after  shipment  from 
LSI  or  60  days  after  a  reported  installation. 

— -f iguration  Data  Report.  Liata  configuration  status  of  each  FFW  gyro  by  serial  number. 

Failure-Mode  Distribution.  Displays  a  frequency  distribution  indicating  failure  mode 
versus  frequency  of  occurrence. 

Failed- Parts  Summary  Report.  Identifies  the  specific  parts  replaced  corresponding  to 
failure  modes  and  reason  for  replacsment.  This  report  dieplaya  failed-pert  information 
by  part  number,  indicating  circuit  identification,  failure  mode,  failure  cause,  correc¬ 
tive  action,  and  expected  failure-rate  change. 

L^»w- Activity-unit  Trace  Data  Report.  Liata  units  in  descending  order  of  time  o£  inacti¬ 
vity  but  contains  the  known  detailed  information  to  assist  tracking  a  unit. 

Turnaround  Time  Report.  All  the  FFW  units  that  leave  LSI  and  return  again  aftar  a  faifure 
are  included  in  the  analysis  of  turnaround  time. 

Aircraft  Utilization  Report.  Llsta  aircraft  utilization,  reported  in  sequence  by  aircraft 
BU  number.  Each  aircraft  is  reported  separately,  with  all  the  data-bank  information  re¬ 
lated  to  that  aircraft  within  time  sequence. 

Stricken-Aircraft  Reports.  FFW  gyros  loBt  due  to  aircraft  strikes,  with  the  known  activity 
prior  to  strike. 

Units  Presumed  Lost  Report.  Abstracts  those  FFW  gyros  presumed  lost. 

P^rts  Usage  Summary.  Shows,  by  part-number  sequence,  the  total  usage  of  each  pert  and -how 
o  ten  it  Is  used  per  unit  and  per  rapalr  cycle.  It  displays  part-rsplacament  history  on  a 
cumulative  basis.  Display  format  is  one  report  line  per  replaced  part  drawing  number. 
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review  current  data  systems 
identify  data  requirements. 


in  the  light  of  future  warranty  experience  to 
both  military  and  contractor,  more  completely. 


4.8  ITEM  MARKING 


iMrkJ'^o'indr  rrf  Unfer  WarrantY  cements  should  be  adequately 
r  £  o(  e  ^  aac*  «’''“«<»  is  aua liable .  Appendix  II  presewa 

St  Of  3a  .a  that  should  be  considered  in  warranty  marking.  The  Air 

£  sswss 

Hr"" V= 

informat lon  riarAinq?^6'8  ““  ’Wlrkl"'!'  d°"  ^  *""*■*»  *»  -ranty 
4 . 9  WARRANTY  CONTRACTING 

culty^af  raintf/oV?  ^  pr°grams  have  encountered  some  diffi¬ 

culty,  as  pointed  out  in  the  examples  cited.  The  basic  question  is  whether 

OAM  f^^P^^ 

SF— r  £T=3iL?3S  oTZi-d 

Ifc  should  be  noted  that  ASPR  1-324. 2b  states  that  "a  warranty  clause 
all  not  be  included  in  cost  reimbursement  type  contracts,  since  the 

EEL?"?  pLsrtt  :“rf 

suppiy  contract^tha^ost  oTany  or 

co^trI?neg°  °r  advertise'J  Procurement.  The  DoD  working  group  on 

contract  warranties  recommended  that  warranties  be  considered  only  for 
procurements  subsequent  to  the  initial  and  advanced  development  pLses 
which  are  more  amenable  to  fixed-price  contracting. 

that  "it  ^  ^TUtue  3lS°  reconmend*d  that  the  ASPR  committee  recognize 
employed  £ »  ^  D°°  *°liey'  Whe"  ^-acceptance  warranties  are 

^  crLled  -  Sithi'rthir350^6?0^1"9  faCt°r  f°r  the  del^'ed  li-bility 

rna.  Within  this  context  it  appears  highly  desirable  that  warrant/ 

he  i  a  separate  line  item  in  all  procurements  to  permit  these  costs  tc 
be  clearly  identified  and  available  for  cost-of-ovnersMp  analysis. 

ASPR  l-3241JLlinCha?Jr  ^  ^  bell?1  con8idered  for  incorporation  into 
324  dealing  with  warranties. 1  *  Highlights  of  these  possible 
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Recommended  by  ASPR  Subcommittee  on  Warranty. 
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PROPOSED 


ESSENTIAL  COMMENTS. 

ADD  PARA  5.2.2.12  -  WARRANTED  ITEMS.  When  applicable, 
boxes  or  packages  containing  warranted  items  shall  be  marked 
as  follows:  (SEE  FIG  4 _ ) 

THIS  ITEM  WARRANTED  FOR.  _ 

(Bays,  Months,  Hours,  Miles) 

WARRANTY  TERMINATES.  _ 

(Date ,  Hours'  Operation,  Miles) 

Procurement  Instrument  No. _ 

ADD  5-2.2.12.1  -  V.'arranty  information  shall  be  marked 
with  green  ]ett?rs  (Fed.  Std.  595  Color  No.  141^7 )  on  yellow 
background  (Fed.  Std.  595  Color  No.  13655-)  ana  shall  be  included 
with  identification  marking. 

ADD  FIG  4_ 


YELLOW  BAC&OLOUND 
TFed.  Std.  595 
Color  No.  13655) 

OREEN  LETTERS 
(Fed.  Std.  595 
Color  No,  14167) 


,1’HIS  ITEM  WARRANTED  F0R_ 

WARRANTY  TERMINATES _ 

ONTRACT  NO. 


FIG.  4 _  WARRANTED  ITEM  LABEL 


REASON:  Extensive  use  of  warranty  clauses- in  DOD  contracts  has 
generated  an  urgent  need  to  standardize  the  information 
to  be  marked  on  the  item  and  unit  and  intermediate 
containers.  Such  information  on  the  containers  is 
necessary  to  identify  and  manage  items  procured  with 
wa  "ranty . 


exhibit  1 

PROPOSED  -JL-STD-129E 
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changes  included: 


**  ASPR  1-324  has  been  modified  to  clarify  the  DoD  policy  on 

when  a  warranty  should  be  used  and  how  it  should  be  structured 
for  better  enforcement.  The  many  factors  now  listed  in  ASPR 
regarding  the  decision  to  use  warranties  have  been  reduced  to 
four  basic  factors  —  nature  of  the  item,  cost  of  the  warranty, 
potential  administration  of  the  warranty,  and  trade  practice. 

••  New  guidance  has  been  included  regarding  the  preparation  of 
warranty  provisions  when  use  of  a  warranty  other  than  one  of 
the  sample  warranty  clauses  is  required.  These  guidelines 
include  coverage  of  the  extent  of  the  contractor  obligations, 
the  duration  of  the  warranty,  notice  provisions  for  administra¬ 
tion  of  warranty,  and  administrative  techniques  to  enforce  the 
warranty. 

••  The  only  significant  policy  change  reflected  in  ASPR  1.324 
is  the  citation  that  implied  warranty  of  "merchantability" 
and  "fitness  for  a  particular  purpose"  are  negated  in  DoD 
contracts.  This  has  also  been  carried  out  by  the  recoimnended 
change  to  Section  7,  Part  1. 

••  The  only  other  significant  change  from  current  ASPR  coverage 
contained  in  the  report  is  the  recommendation  that  a  provision 
be  incorporated  into  contracts  containing  warranty  provisions 
to  the  effect  that  normally  the  time  period  established  for 
discovery  of  defects  under  the  warranty  provision  will  also  be 
applicable  to  discovery  of  defects  under  the  "latent  defects" 
provision  of  the  inspection  clause.  It  should  be  required 
that  this  provision  be  inserted  in  any  warranty  clause  included 
in  a  contract  as  authorized  by  ASPR  1-324. 

Action  will  be  taken  to  coordinate  these  changes  with  industry  and 
other  Government  agencies. 

R.  E.  Bxack  conducted  an  audit  of  supplemental  military  documents 
related  to  warranties.14  Table  V  highlights  the  documents  found.  His 
overall  conclusion  was  that  only  minimal  information  was  available  to 
guide  service  personnel  in  the  establishment  and  administration  of 

warranties . 

4.10  Warranty  Administration 

Most  warranty  agreements  are  written  in  such  a  way  that  an  interface 
is  created  directly  between  the  user  and  the  vendor.  However,  in  the  case 
of  major  weapons  systems,  it  is  possible  that  such  agreements  will  be 
placed  with  the  prime,  who  in  turn  passes  on  warranty  requirements  to  his 


R.E.  Black,  Study  of  Warranted  Items,  Management  Intern  Project,  DSAS-AC, 
September  1972. 
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TABLE  V 


SUPPLEMENTAL  WARRANTY  PROCEDURES 


Agency 

Provisions 

Army 

None  —  study  in  progress. 

Navy 

NAVAIRINST  4330.16  —  NAVAIR  Field  Contract 

Administrative  Manual.  Provides  instructions 
for  handling  warranty  items. 

NAVAIRINST  4275.2  --  Detailed  instructions  on 

use  of  warranties. 

NAVORD  4275.2  --  Similar  to  NAVAIRINST  4275.2 

Air  Force 

AFM  67-1,  Vol.  1,  Part  1  —  Section  V  provides 

step-by-step  procedure  on  determination  to  use 
warranties. 

suppliers  In  the  case  of  the  airlines,  the  aircraft  manufacturers  will 
negotiate  the  warranty  agreements  with  their  suppliers,  but  the  agreements 
will  be  passed  on  to  the  aircraft  purchaser  and  subsequent  administration 
will  be  accomplished  directly  between  the  airline  and  the  vendor.  Military 
warranty  experience  has  been  much  more  limited,  and  most  known  warranty 
agreements  have  been  directly  between  the  vendor  and  the  using  agency. 

A  warranty  claim  is  initiated  with  the  using  activity,  which,  upon 
performing  the  appropriate  equipment  task,  determines  that  the  system  is 
in  non-compliance.  Action  then  must  be  taken  to  package  the  item  properly 
and  prepare  it  for  shipment.  Most  military  warranty  plans  in  effect  call 
for  the  item  to  be  sent  back  to  the  normal  supply  channels  for  dispatch  to 
the  suoplying  contractor.  As  noted  above,  methods  that  would  permit  ship¬ 
ment  from  the  using  activity  to  the  contractor  are  encouraged. 

Upon  receipt  at  the  vendor's  plant,  the  unit  undergoes  receiving  in¬ 
spection  to  ascertain  if  the  item  is  admissible  under  applicable  warranties. 
The  major  reason  for  excluding  an  item  is  that  either  the  operational  or 
the  calendar  time  has  expired.  Assuming  that  this  has  not  happened,  the 
material  condition  must  be  established  to  see  if  it  falls  within  the  failure 
definitions  defined  by  the  warranty  agreements.  Most  agreements  exclude 
damage  in  shipment,  unauthorized  modifications,  etc.  The  several  success¬ 
ful  contracts  that  have  thus  far  been  accomplished  have  established  the 
local  plant  DCAS  representative  as  the  final  authority  for  determining 
whether  an  item  is  admissible.  In  the  event  the  contractor  disagrees  with 
the  DCAS  representative's  judgment,  the  standard  contractual  disputes  clause 
can  be  exercised. 

Once  an  item  has  been  admitted  with  an  acceptable  warranty,  it  is  the 
contractor's  requirement  to  repair  the  itsm  within  a  specified  period.  His 
failure  to  do  so  may  invoke  penalties  that  have  Keen  established  concerning 
turnaround  time.  It  is  noted  in  the  case  histories  presented  that  penalties 
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comprising  monetary  payment  or  the  provision  of  additional  warranty  days 
have  been  used  where  the  specified  turnaround  time  has  not  been  achieved. 

Warranty  agreements  that,  in  effect,  guarantee  stated  levels  of  per¬ 
formance  such  as  MTBF  require  that  proper  data  be  acquired  to  exercise  ap¬ 
propriate  judgment.  The  scope  of  such  information  was  discussed  in  Sub¬ 
section  4.7.  As  noted,  because  of  problems  with  the  current  military  data 
systems,  this  form  of  warranty  has  seen  little  use. 

In  the  event  the  contractor  does  not  meet  his  obligation,  default  pro¬ 
ceedings  may  be  instituted  against  him.  An  alternative  avenue  would  be  the 
requirement  that  potential  contractors  establish  performance  bonds  in  the 
event  of  default.  None  of  the  cases  examined  required  such  extensions. 


SECTION  V 

ASSESSING  THE  ECONOMIC  VALUE  OF  WARRANTY 


5. 1  INTRODUCTION 


Although  warranties  offer  a  potential  benefit  to  the  military  user,  it 
should  not  be  assumed  that  this  procurement  vehicle  is  applicable  to  all 
avionics  procurements.  High-reliability  units,  already  in  the  inventory, 
that  can  be  quickly  and  cheaply  repaired  represent  a  case  in  which  a  long¬ 
term  warranty  is  probably  not  economical.  This  study  has  considered  the 
question  of  determining  whether  a  warranty  is  economically  attractive  and, 
if  it  is,  the  best  warranty  period.  A  preliminary  Warranty  Life-Cycle  Cost 
Model  was  developed  for  a  failure-free  type  of  warranty.  This  model,  while 
not  complete  in  all  respects,  can  serve  as  a  good  vehicle  for  providing 
*ni*-*a^  answers  to  the  economic  question.  The  assumptions,  development# 
and  details  of  this  model  are  described  in  Appendix  III.  The  basic  ap¬ 
proach  and  some  highlights  are  presented  in  this  section. 

5.2  THE  GENERIC  LIFE-CYCLE  COST  MODEL 

A  generic  model  for  life-cycle  cost  associated  with  acquisition  and 
maintenance  can  be  written  as  follows: 

Life  Cycle  Costs  over  (0,  T)  *  Number  of  units  bought  x  price  per  unit 

+  Expected  number  of  failures  over  (0,  T) 
x  average  cost  per  failure 

+  Maintenance  support  costs  over  (0,  T) 

For  any  avionic  equipment,  reliability  growth  is  possible  through 
engineering  design,  quality,  or  production  changes,  which  we  will  generally 
refer  to  by  the  term  reliability  modification.  Reliability  and  reliability 
growth  influence  the  number  of  units  (spares)  purchased  and  the  number  of 
failures  that  will  occur.  The  modification  necessary  to  achieve  the  reli¬ 
ability  growth  is  also  generally  a  major  capital  investment. 

5.3  LIFE-CYCLE  COST  —  NO  WARRANTY 


We  now  extend  the  generic  model  to  consider  life-cycle  costs  over  a 
period  (0,  Tw)  for  a  no-warranty  procurement,  with  consideration  given  to 
reliability  modification,  initial  and  recurring  support  costs,  and  amorti¬ 
zation.  The  equation  we  developed  for  a  no-warranty  case  is  as  follows 
(the  o  superscript  is  used  to  denote  a  no-warranty  procurement) : 


Lee: 
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Preceding  page  blank 


where 


life-cycle  costs  over  (0,  T^)  for  a  no-warranty  procurement 

=  calendar  time  in  months 

“  number  of  units  purchased 
■  purchase  price  per  unit 

=  amortization  factor  for  (0,  TJ  -  T ^Expected  equipment  life 

*  expecned  amortized  costs  of  reliability  modification 

*  direct  user  maintenance  costs 

*  initial  support  costs 

*  monthly  recurring  support  costs 

Submodels  are  developed  in  Appendix  III  for  obtaining  N°,  C°  ,  and 
C  a  . .  ,  MOD 

DMU  all  three  .actors  depending  on  initial  reliability  and  the  time  and 

effectiveness  of  reliability  modification.  Since  initial  reliability  (ex¬ 
pressed  by  failure  rate  in  the  model)  rarely  known  precisely,  we  allow 
for  a  prior  distribution  of  initial  failure  rate: 

(Pi.  AJ  where  Pi  -  Prob  (X  =  Xj  ,  Pi  -  1.0. 

5.4  MODEL  DEVELOPMENT 

The  step-by-step  development  of  the  overall  model  is  as  follows: 

1.  User  Tost  Per  Failed  Unit,  C^.  This  is  the  direct  cost  per 

failure,  including  repair  labor  hours,  materials,  and  necessary 
shipping/handling  costs. 

2.  Reliability  Improvement  Through  Modification,  M.  If  X  is  the 
failure  rate  of  the  unit,  we  assume  that  a  reliability  modifica¬ 
tion  will  reduce  it  to  MX  (0<M<1).  We  have  suggested  one  pos¬ 
sible  model  for  obtaining  M  as  a  function  of  current  failure 
rate  and  specified  rate. 

3.  Modification  Time  Distribution,  f(T  ).  The  time  at  which  a 
reliability  modification  can  be  introduced  is  assisted  to  be  a 
random  variable  that  has  a  two-parameter  exponential  distribu- 
t  ion . 
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Cost  of  Modification,  C<M).  The  cost  of  modification  is  assumed 
to  be  a  function  of  the  improvement  factor,  M.  On  the  basis  of 
limited  data,  we  have  developed  one  such  function  in  the  interest 
of  c  cmpleteness . 

Procurement  Size,  Nq.  The  number  of  units  purchased  is  based  on 
the  number  of  operational  units  requii  d  plus  the  expected  number 
in  the  pipeline  (using  Palm's  equation).  To  obtain  the  average 
number  in  the  pipeline,  we  calculate  the  expected  failure  rate 
over  the  equipment  lifetime,  considering  the  initial  failure 
rate  (or  prior  distribution  of  failure  rate),  the  probability 
and  time  of  modification  introduction,  and  the  modification  im¬ 
provement.  Consideration  is  also  given  to  a  minimum  spares 
requirement. 

Modification  Strategy,  1?.  We  assume  that  the  user  will  request 
a  modification  only  if  the  cost  of  sucn  modification  is  less  than 
the  expected  savings  in  repair  costs.  The  development  yields  a 
time  interval  (Tq,  'T°)  over  which  modification  is  profitable. 

represents  the  minimum  time  before  a  modification  can  be 
introduced.  T?  represents  the  maximum  time  for  modification  if 
X  =  A.. 

Amortized  Modification  Costs,  C  The  expected  modification 

cost  is  based  on  the  initial  failure  rate,  the  cost  for  modifica¬ 
tion  lr  A  =  Xi  [i.e.,  C(Mi)),  the  probability  that  a  modification 
is  performed  over  (O.T^),  and  the  amortization  factor  based  on  the 

expected  time  of  modification  if  a  modification  is  performed  over 

(0,  T  ). 
w 

User  Direct  Maintenance  Cost  of  C°  .  The  cost  is  equal  to 


N  1° 


r  U  H0  TV 


where 


Nq  =  number  of  operational  units 

x° 


'FU 


H 


the  average  failure  rate  over  (0,  T  ) 

w 

the  cost  per  unit  failure 

the  unit  operating  hours  per  month 

the  number  of  months  under  consideration 


To  calculate  X®,  we  consider  the  initial  distribution,  (p^,  i 
the  possible  improvement,  M^,  associated  with  X^i  and  the  proba¬ 
bility  that,  such  an  improvement  will  be  initiated  during  the  period 
<0,  V- 

9.  Support  Costs,  C  C  .  These  costs  involve  test  equipment, 

ISUf  KbU 

training,  handbooks,  etc.,  that  must  be  incurred  initially,  plus 
recurring  costs  such  as  a<tainistrative  costs  and  retraining. 

5.5  LIFE-CYCLE  COST  WITH  WARRANTY 

For  a  warranty  procurement,  we  assume  that  the  user  incurs  the  same 
types  of  cost  as  ior  the  no-warranty  case  except  for  direct  reliability- 
modification  cost.  Naturally,  his  direct  maintenance  costs  will  be  much 
less  and  so  will  his  initial  support  costs,  especially  if  the  equipment 
is  new  to  the  inventory.  On  the  other  hand,  the  user's  recurring  support 
costs  will  generally  be  greater  because  of  the  cost  of  warranty  administra¬ 
tion.  We  also  note  that  all  costs  expected  to  be  incurred  by  the  contractor 
will  be  included  in  the  contract  price,  burdened  by  fee  and  risk  factor. 

These  considerations  lead  to  the  following  life-cycle  cost  equation 
(the  "i"  superscript  is  used  to  denote  a  warranty  procurement): 

LCCt‘  -  «'or\  ♦  (C^  ♦  c'mJ  R(Tu)  (1  ♦  P> 

w  w 

+  c*  +  c*  A*.  +  C*  T 

DMU  ISU  T  RSU  w 
w 


where 


C*  ■  contractor  direct  warranty  repair  costs 
unC 

R(T  )  *  risk  factor  contractor  applies  to  costs  for  a  warranty 
period  of  T^  i  tenths 

P  «  contractor  fee 

C*  „  “  contractor  costs  for  modif icatio’i,  discounted  and  amortized 
MOD 

All  other  symbols  represent  the  same  factors  as  for  the  no-warranty  case 
except  that  the  numerical  values  will  generally  be  different,  as  discussed 
above. 

5.6  ILLUSTRATIVE  APPLICATION 

In  Appendix  III,  four  sample  procurements  are  presented  to  illustrate 
the  application,  and  the  type  procurement,  data  inputs,  and  results  are  dis¬ 
cussed  in  some  detail.  We  present  here  highlights  from  one  of  these  illus¬ 
trative  examples  to  indicate  the  utility  of  such  a  model. 
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This  procurement  represents  a  small  purchase  of  a  moderately  priced, 
moderate -MTBF  unit  that  is  already  in  the  Air  Force  inventory.  An  attempt 
was  mad>  to  use  as  many  data  on  the  existing  Air  Force  A24G-26  gyro  war¬ 
ranty  procurement  as  possible,  but  not  all  required  data  were  available 
(e.g.  ,  the  current  MTBF  of  the  gyro  under  warranty  was  not  obtainable  at 
the  time  of  this  study) . 

Table  VI  lists  the  data-input  requirements  of  the  model  and  the  values 

we  used  for  this  sample  application.  A  conversational  time-sharing  program 

in  the  FORTRAN  language  was  developed  to  exercise  the  model.  A  number  of 

reliability  and  life-cycle  cost  factors  are  calculated  and  outputted.  Of 

particular  interest  are  (a)  the  warranty  cost  savings  (loss)  for  a  warranty 

period  of  T  ;  and  (b)  the  warranty  indifference  price,  which  is  the  unit 
w 

purchase  pricy  (including  a  warranty  cost  increment)  that  yields  a  life- 
cycle  cost  for  a  warranty  procurement  over  (0,  T  )  that  is  equal  to  the 

equivalent  life-cycle  cost  for  a  no-warranty  procurement. 

Figure  4  shows  the  warranty  cost  savings  as  a  function  of  the  warranty 

period.  For  this  illustrative  application,  the  maximum  saving  of  $12,550 

occurs  when  T  =  24  months,  which  is  approximately  4.4  peicent  of  the  cost 
w 

without  warranty. 

Figure  5  shows  how  the  warranty  indifference  price  varies  with  the 
warranty  period. 

Table  VII  presents  the  computer  output  for  a  warranty  period  of  24 
months. 

5.7  MODEL-IMPLEMENTATION  ASPECTS 

While  further  developments  of  the  life-cycle  cost  model  are  required 
(see  Section  18  of  Appendix  III),  we  believe  that  the  life-cycle  cost  ap¬ 
proach  for  assessing  the  economic  value  of  warranty  is  required  and  is 
possible.  There  is  no  question  that  warranties  will  involve  additional 
acquisition  cost  and  that  such  cost  increments  will  increase  with  the  war¬ 
ranty  period.  Should  a  warranty  be  used,  how  much  it  should  cost,  and  what 
the  best  warrenty  period  is  are  questions  that  can  and  should  be  answered 
quantitatively. 

Warranty  pricing  is  essentially  a  task  not  any  more  difficult  than 
that  which  contractors  and  procurement  officers  face  in  establishing  pro¬ 
duction  costs  and  contract  maintenance  costs  and  in  determining  the  re¬ 
quired  number  of  spares  based  on  expected  reliability/maintainability  per¬ 
formance.  The  life-cycle  cost  model  developed  in  this  study  provides  a 
vehicle  that  both  contractors  and  military  procurement  officers  can  use  to 
make  basic  decisions  on  warranties  and  to  establish  a  fair  price. 
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TABLE  VI 


DATA  INPUTS  FOR  MODEL  APPLICATION  —  GYRO  PROCUREMENT 


Data  Element 

Symbol 

Procurement  B 

Gyro 

No  Warranty 

Warranty 

Unit  purchase  price 

Cl 

6,040 

—  t 

Number  of  operational  units 

N 

o 

100 

100 

Operating  hours  per  month 

H 

o 

50 

50 

Equipment  lifetime  (months) 

tl 

120 

120 

IfTBF  distribution 

"vV 

. 5 i 900 

.5)900 

(p  ) 

2  2 

. 5; 1350 

.5)1350 

Specified  MTBF 

e* 

2,240 

2,240 

User  labor  hour„  per  failure 

"lu 

60 

2 

user  labor  rate  per  failure 

CLU 

15 

12 

User  shipping  cost  per  failure 

CGU 

20 

10 

User  material  costs  per  failure 

CEU 

250 

0 

Contractor  labor  hours  per  failure 

hlc 

— 

40 

Contractor  labor  rate  per  failure 

CLC 

— 

16 

Contractor  shipping  costs  per  failure 

CGC 

— 

10 

Contractor  material  costs  per  failure 

CEC 

— 

175 

Minimum  modification  time  (months) 

T 

a 

3 

3 

Failure  rate  improvement  if  X  -  X* 

• 

M 

.90 

.90 

Minimum  value  of  F.R.  improvement  factor 

M 

.25 

.25 

Rate  for  modification  introduction 

d 

.042 

.042 

Factor  to  adjust  modification  coats  for 
warranty 

A 

— 

.80 

Minimum  number  of  spares 

Nx 

20 

20 

Pipeline  time  (months) 

TP 

2.0 

2.0 

Risk  factor 

r 

0.03 

0.03 

Contractor  fee 

p 

0.10 

0.10 

User  initial  support  costs 

cisu 

20,000 

20,000 

User  recurring  support  costa 

CRi>U 

500 

800 

tcalculated  by  model. 


12.  5f 


-12.  5 


Warranty  Period  (Months) 
FIGURE  4 

WARRANTY  SAVINGS  VS  WARRANTY  PERIOD, 
GYRO  PROCUREMENT 


ll.COOr 


10,000*- 


£  9,000h 


S3  e.oooh 


7 , 000  h 


M 

|  6,000 


- 1 - 1 

72  96 


Warranty  Period  (Months) 
FIGURE  5 


WARRANTY  INDIFFERENCE  PRICE  VS  WARRANTY 
PERIOD,  GYRO  PROCUREMENT 
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TABLE  VII 


SAMPLE  COMPUTER  OUTPUT 


****  WARRANTY  PERIOD  =  24  MOS.  ***» 

MOD. TIME  INTERVAL# (MOS) 

NO-v;'.  WRNTY . 

1  21.0  0. 

2  21.0  0. 


NO  WARRANTY  WARRANTY 
AVG.  M I  8F-  (0#  TV; )  1146.75  1080.00 

DIRECT  M  COST-USER  122433  3778 

DIRECT  M  COST-CNTR.  0  91667 

EXPCTD.  MOD. COST  TOTAL  AMORTIZED 


USER  (K=  0 ) 
CNTR.  CK=  1  ) 


36388 

0 


4050 

0 


T3TAL  MONTHLY  TOT.  SUP.  M  .SUP.  IJNIT 
COST ( 4)  CO  ST  C  A)  COST(A)  COST'A)  PRICE 


NO  WARRANTY 
WRNTY  24M0S. 


5768  6040 

957  6931 


287444  11977  138433 

274912  11455  22978 

WRNTY. PK  *  CE  INCREMENT/Y R. ( PCT. )=  7.3* 

TOTAL  COSTS  W/3  AMORT. --NO.  Wj W  915622  854752 

WARRANTY  SAVINGS  (TOT. AMORT. COST )  S  12532 
INDIFFERENCE  W.PRICE=S  7036  C  8.24  PCT.) 
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SECTION  VI 


CONCLUSIONS  AND  RECOMMENDATIONS 


6.1  GENERAL  CONCLUSIONS 

and  the*i imi ted 1  but *suc c e s s ful  ^i  1  i  tarv W"r4ntieS  on  avionic  equipment 
the  value  or  this  tvJe  of  milltarY  experience  definitely  establish 

fits  are  directly  Tittrt  »  supplier’s  pro- 

The  current  6  reliabil*ty  performance  of  his  product 

deemed  necessary  this  ,*  "odific,tion  to  improve  reliability  is 

Although  the  airlines  also  S°  dlrectly  1)01:116  by  the  military  buyer, 

continuing  =ompeti”v.  iirli^e  ^rS"t^  "Iui'”e"t  f»ils'  the 

"  “ke  aitU“  *v“nKr^pUerTm““i0n 

^i^“dd.“r^o^^‘:us>  especiaiiy  “he-  — *  ■» 

R,n  ZT  mi^itary  Procurement  process  definitely  uses  competition  for  both 
production  contracts.  (One  interviewee  stated  that  production 
procurements  have  become  virtual  auctions,  with  low  bidder  taking  all)  The 
airlines  have  been  able  to  foster  a  different  type  of  competition  First 

fit-and  fiic^C°mPetlti?n  ^  deSi9n  tyPC  int°  producti°"  through  their  fom- 
fit  and- function  specification.  If  one  vendor's  design  is  unsat  is  facto™ 

craft^mc^i™"  —a  Pr°dUCt  (deBi9n>  ,nd  ‘“toll  it  without  ,7r’- 

ti«  nrSucr’s  n  f'  a8PeCt  °f  the  °°”P6titive  environment  is  that 

the  product  s  performance  is  a  factor  in  future  procurements  that  the 

fU  '^o^iL^6'  ™es*  factors'  C°Upled  With  the  warranty  effects  on  pro¬ 
fit,  provide  the  motivation  to  produce  superior  products. 

if,  as  noted  in  Sect  .on  III,  a  good  summary  statement  on  the  purpose 

field^er forma  r^*^65  eXtend  a  supplier's  responsibility  to  delude 

idd  Performance,  what  are  the  benefits  that  will  accrue  in  military 

anHeZ^  lif6  benefits  include  demonstrated  higher  reliability 

contract- Cad  >,  e'cycle  cost-  Because  a  greater  commitment  is  made  by  a 
ontractor  who  enters  into  a  warranty  agreement,  it  is  believed  that  the 
use  o  such  provisions  may  discourage  the  marginal  producers  who  now  plague 
thr/0*^^6  ^Petitive-bid  Procurement  situation.  We  basically  belief 
that  most  of  the  warranty  benefits  airlines  receive  will  extend  to  the  mili- 

S-LT‘r0,Tnt;  U  is.e"<)h*B“6d:  bo“6v«.  that  in  addition  to  warrant “ 

°  er  factors  in  the  airline  procurement  environment  that  exert 

eelectioh"  “  °n  *Vi°"iC8  ”llability-  life-cycle  cost,  and  contactor 
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6.2  SPECIFIC  CONCLUSIONS 


conclusions  drawn  from  this  investigation  of  warranty  practice  in 
the  airlines  and  the  military  are  enumerated  below. 

6.2.1  Warranty  Use 

Warranty  practice  is  deeply  rooted  in  U.S.  commerce,  tracing  its 
history  from  implied  warranties  to  expressed  warranties  in  terms  of  the 
Uniform  Sales  Act  and,  more  recently,  the  uniform  Commercial  Code.  Airlines 
make  extensive  use  of  warranty  not  only  for  avionics  procurement  but  for  a 
wide  range  or  other  commodities. 

6-2.2  Reliability  Incentive 


There  is  no  certain  answer  to  the  question  of  how  much  reliability 
incentive  warranties  provide  for  airline  avionics.  Most  vendors  believe 
that  there  is  definitely  an  incentive,  but  it  is  difficult  to  separate  it 
from  the  incentive  competition  produces.  Current  vendor  reliability 
pra  .tices  concerning  design,  supplier  control,  production  control,  and  test 
and  inspection  have  evolved  in  conjunction  with  increased  airline  dependence 
on  warranties.  For  the  military,  attempts  to  provide  reliability  incentive 
through  reliability  demonstration-test  provisions  and  financial  incentive/ 
penalty  conti acts  have  not  yielded  the  long-term  success  desired. 

The  current  military  approach  is  based  on  initial  reliability.  A 
failure  on  a  demonstration  test  is  often  waived  because  of  schedule  commit¬ 
ments,  or  a  contractor  proposes  a  design  or  production  change  and  is  allowed 
a  retest.  Statistically,  he  will  eventually  pass  the  test  even  if  the 
changes  are  of  no  value.  More  important,  a  controlled  or  semi-controlled 
test  environment  differs  tremendously  from  military  usage  in  the  field. 

The  fact  that  military  suppliers  will  suffer  reduced  profit  for  failures 
that  occur  in  the  field  during  the  warranty  period  must  provide  some  posi¬ 
tive  incentive  for  reliability  and  also  force  them  to  consider  the  real  use 
environment.  The  attractiveness  of  the  strategy  of  "buying  in"  and  reaping 

a  large  profit  on  spares  and  reliability  design  modifications  is  essentially 
eliminated. 

6.2.3  Reliability  Growth 

Since  the  military  supplier  will  suffer  expense  for  failure  of  warran¬ 
ted  units,  he  is  deeply  interested  in  introducing  design/production  changes 
that  will  increase  the  MTBF  and  will  do  so  if  the  cost  of  such  introduction 
is  lower  than  the  savings  in  warranty-repair  costs.  Also,  if  the  supplier 
is  performing  the  repair  of  warranty  units,  he  is  intimately  aware  of 
failure  modes,  patterns,  and  trends  as  they  are  occurring  in  field  usage 
and  is  therefore  more  knowledgeable  in  developing  appropriate  modifications 
to  improve  re  lability.  One  of  the  fundamental  premises  in  the  concept  of 
encouraging  reliability  growth  through  warranties  is  the  ability  of  the 
contractor  to  implement  reliability  improvements  subject  only  to  the  timely 
approval  of  the  cognizant  military. 
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It  la  generally  recognized  that  airlines  obtain  a  higner  reliability 
than  the  military  achieves  with  comparable  equipment.  Data  we  have  analyzed 
support  this  ract.  For  functional  comparisons  where  accomplishment  is  pro¬ 
vided  by  identical  systems,  the  MTBF  ratios  generally  favor  the  airlines  by 
a  magnitude  of  2  or  3  to  1.  Comparisons  of  functions  in  which  a  military  - 
conceived  system  is  related  to  an  airline-formulated  specification  shows 
that  these  ratios  are  on  the  order  of  5:1  to  8:1.  It  is  believed  that  the 
airline's  ability  to  maintain  competition  into  the  equipment  production 
phase  accounts  for  a  major  portion  of  these  observed  ratios.  It  is  also 
held  that  the  use  of  warranties  has  clearly  contributed  to  this  observed 
achievement. 

6*2.4  Maintainability  Incentive  and  Growth 

The  maintainability  characteristics  of  the  equipment  will  benefit  from 
a  warranty  provision  for  the  same  reasons  that  the  reliability  benefits. 

Any  reduction  in  labor  hours  or  materials  in  repairing  equipment  will  in¬ 
crease  contractor  profits.  On  the  Navy/Lear  Siegler  warranty  contract  on 
gyro  overhaul,  the  labor  hours  were  reduced  from  80  hours  to  40  hours  by 
the  contractor  with  apparently  no  reliability  reduction.  Shorter  contractor 
repair  times  yield  better  equipment  availability  to  the  user  and  will  carry 
over  to  some  extent  if  and  when  the  user  assumes  repair  responsibility. 

6.2.5  Minimal  Initial-Support  investment 

If  the  supplier  is  to  provide  repair  services  over  the  warranty  period, 
savings  in  repair  facilities  and  equipment,  handbooks,  training,  and  spare 
parts  inventory  will  accrue.  The  investment  for  such  items  can  be  substan¬ 
tial.  If  the  options  for  warranty  renewal  exist  and  are  exercised,  such 
investment  need  not  be  directly  made,  with  costs  possibly  being  spread  across 
a  broader  customer  base.  Even  if  the  military  using  activity  is  to  take 
over  the  repair  burden  after  the  initial  warranty  period  expires,  it  can 
gradually  build  up  a  maintenance  capability  that  will  take  advantage  of  the 
supplier's  experience.  Also,  the  military  may  take  over  maintenance  after 
reliability  and  other  modifications  have  been  introduced.  Since  support 
investment  will  be  geared  to  the  current,  stabilized  design,  the  amounts 
now  pent  on  changes  to  test  equipment  and  maintenance  manuals  and  retrain¬ 
ing  of  service  personnel  will  be  saved. 

6-2.6  Life-Cycle  Cost  Control 

With  a  warranty  provision  that  applies  over  a  significant  time  period 
and  with  options  for  renewal,  the  military  user  can  be  much  more  confident 
in  controlling  costs  for  a  significant  number  of  life-cycle  cost  elements. 
This  is  a  simple  recognition  of  the  fact  that  a  major  portion  of  the  repair 
funds  has  already  been  allocated  with  a  warranty  provision.  If  appropriate 
analysis  of  a  warranty  cost  proposal  has  been  made,  presumaoly  these  costs 
are  not  significantly  greater  and  probably  are  lower  than  corresponding 
cost  without  warranty. 
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6.2.7  Contractor  Benefits 

h_„ j  lff  *arrantles  henefitted  only  the  user,  there  would  be  little  likeli- 

TnTr ZLl  J  acCeptance  by  «nufacturers.  Cn  pricing  the  warranty-cost 
increment ,  tl ,e  contractor  estimates  all  costs  associated  with  the  warranty 

»1.  normal  profit  factor,  perhaps 

by  a  risk  factor  dependent  on  the  length  of  the  warranty  period.  If  the 
reliability/maintainability  characteristics  of  his  product  are  equal  to  the 
initial  estimates  used  for  pricing,  the  contractor  realizes  a  f^S  profit, 
ince  these  initial  R/M  estimates  will  generally  require  military  approval, 
the  user  win  also  be  satisfied.  If  the  product  exhibits  better  K/S  than 
anticipated  (perhaps  after  "no  charge"  contractor-introduced  modifications) 
contractor  profits  are  increased  and  the  military  user  achieves  better 
operational  effectiveness  than  expected  at  no  additional  cost! 

These  remarks  are  not  merely  hypothetical  allusions.  The  Navy/Lear 

"arr*"ty  contract  on  9Yros  discussed  in  Section  IV  has  resulted  in 
uced  NavY  hourly  support  costs  and  improved  MTBF,  and  it  has  yielded 
the  contractor  a  'rery  satisfactory  profit. 

In  addition  to  the  profit  potential,  a  warranty  provision  offers  to  a 

attention^  stabilized  flow.  Furthermore,  by  continued 

attention  to  the  operational  reliability  and  maintainability  characteristics 

of  equipment  in  the  military  environment,  the  contractor  accumulates  e^ 
tise  that  should  yield  benefits  in  new  procurements  ^ 


6.2.8 


Economic  and  Military  Manpower  Impact 


i-h*  !S  ^  applled  on  a  larc>e  scale »  a  significant  portion  of 

e  dollar  expend  -ture  for  equipment  maintenance  will  transfer  directly  to 

an’ eco"omy-  The  economic  impact  of  this  possibility  is  certainly 
r  ,  .  f°^  further  research.  In  the  same  vein,  extensive  warranty  use  wil 

With  th  -  ^tly  the  retirements  for  military  maintenance  personnel. 

for  skille^mil  1  t  111111131:1011  of  the  draft,  an  approach  that  reduces  the  need 
for  skilled  military  personnel  offers  attractive  possibilities. 

6.2.9  Design  to  Cost 

We  have  encountered  some  comment  that  including  a  warranty  clause  in 
a  procurement  contract  would  conflict  with  the  prevailing  "design  to  cost" 
philosophy.  We  believe  that  a  warranty  provision  not  only  complements 

design-to-cost  but  provides,  finally,  a  strong  rationale  for  the  lo^bidder 
approach  to  source  selection.  iow-Diader 

with  design-to-cost,  unit  purchase  price  becomes  the  equivalent  of  a 

vieldnn™crraineter1’  Purchase  frice  Plus  the  increment  due  to  warranty 
y  elds  a  much  more  relevant  dollar  ■‘nvestment  value  in  the  low-bidder  con¬ 
cept  thnn  purchase  price  alone.  The  purchase  price  olus  the  warranty  in- 

co^rhT116  actually  rePresent  a  significant  portion  of  the  life-cycle 
costs  that  accrue  over  the  warranty  period.  We  therefore  believe  thlt  there 
s  merit  to  requiring  separate  cost  proposals  for  purchase  price  and  war¬ 
ranty-price  increment  in  order  to  evaluate  conformTnce  to  an  «L^g 
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design-to-cost  requirement  and  stili  provide  a  basis  for  realistic  cost 
evaluation. 

6.2.10  Warranty  i  oplicatxon 

To  achieve  a  more  workable  warranty,  it  is  important  that  the  agree¬ 
ment  be  established  with  as  few  exclusions  as  possible.  Although  this  may 
be  more  costly  initially  it  is  believed  that  in  the  long  run  it  will  be 
more  profitable  because  it  eliminates  disputes  and  the  situation  in  which 
material  is  tied  up  while  the  disputes  are  being  resolved.  Additionally, 
broader  coverage  is  expected  to  reduce  the  administration  cost  attendant 
to  monitoring  the  warranty  program. 

Although  the  warranty  period  that  optimizes  the  life-cycle  cost  savings 
is  a  function  of  several  variables,  it  is  important  that  the  warranty  period 
be  established  for  a  long  enough  period  to  permit  securing  the  benefits  that 
a  warranty  may  provide. 

To  use  warranty  effectively,  the  product  must  have  reached  at  least 
initial  design  stability,  and  it  must  be  possible  to  make  reasonable  esti¬ 
mates  of  its  expected  performance  characteristics.  This  clearly  indicates 
that  warranties  should  be  applied  to  only  production  contractual  situations. 

Since  warranties  represent  a  prepaid  maintenance  cost,  if  proper  claims 
are  not  exeicised,  then  this  represents  money  spent  for  which  no  return  is 
achieved.  To  be  effective,  it  is  necessary  to  establish  the  proper  admini¬ 
stration  procedures  in  association  with  securing  warranty  contracts. 

6.2.11  Warranty  Cost 

It  is  clear  that  the  warranty  provision  costs  th-.  contractor  additional 
funds,  which  are  generally  added  to  the  initial  purchase  price.  These  costs 
typically  may  r.inge  from  4  to  10  percent  of  the  initial  acquisition  price  per 
year  of  coverage. 

The  airline  industry  is  convinced  that  warranties  pay  dividends  over 
the  added  cost  that  they  place  on  acquisition.  Further,  they  view  warranties 
as  a  type  of  insurance  that  provides  protection  against  systems  which  may 
give  them  serious  problems. 

6.2.12  Warranty  Acceptance 

Military-equipment  contractors  will  generally  be  willing  to  respond 
to  procurements  containing  warranty  provisions.  However,  td.ey  ail  stressed 
the  importance  cf  clearly  specifying  the  use  environment,  .iont  contractors 
would  be  reluctant  to  permit  military  maintenance  organizat-onB  to  accomplish 
warranty  reoair  for  which  the  contractors  are  liable  for  reimbursement. 

6.2.13  Warranty  App3 icatlon  Problems 


We  now  consider  the  possible  special  considerations,  problems,  anu  di 
advantages  associated  with  warranty  clauses  in  military  procurement  of 
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avionic  equipment.  A  detailed  discussion  of  each  is  presented  in  the 
following  paragraphs. 

6.2.13.1  Disputes 

Unless  a  warranty  provision  is  very  broad  in  coverage,  the  vendor  may 
honestly  believe  that  a  warranty  claim  is  not  valid.  This  situation  will 
occur  most  frequently  when  the  equipment  fails  because  it  is  exposed  to 
environmental  stresses  that  exceed  anticipated  levels.  User  damage  caused 
by  mishandling,  damage  while  in  transit, and  questions  involving  warranty 
termination  may  also  lead  to  disputes. 

With  regard  to  environmental  stress,  the  approach  that  avoids  most 
disputes  is  to  include  all  failures  as  relevant  except  those  types  which 
are  specified  in  detail  in  the  contract.  Besides  the  advantages  of  mini¬ 
mizing  disputes,  this  type  of  broad  coverage  forces  the  contractor  to  con¬ 
sider  environmental  extremes  in  his  design/modification  strategy  It 
would  be  quxte  natural  to  exclude  failures  due  to  obvious  gross  abuse, 
combat  damage,  unauthorized  or  improper  user  maintenance/repair  actions. 


The  policy  of  providing  the  resident  Defense  Supply  Agency  Quality 
Assurance  Representative  with  authority  for  judging  the  validity  of  a 
warranty  claim  has  worked  well  in  several  military  warranty  procurements. 
The  contractor  naturally  has  the  right  to  appeal  under  the  military  con¬ 
tract  provisions 

6- 2.13.2  Warranty  Administration 

There  is  no  question  that  administration  of  a  contract  with  warranty 
provisions  introduces  additional  administrative  problems  if  for  no  other 
reason  than  that  it  represents  a  departure  from  current  practice.  Although 
shipping  a  warranted  unit  back  to  the  vendor  for  repair  should  not  involve 
anv  greater  procedural  difficulty  than  shipping  a  non-warranted  unit  back 
to  a  depot  for  repair,  some  special  administrative  actions  will  be  required, 
first,  it  is  most  important  that  the  warranty  items  be  clearly  identified 
to  minimize  losing  warranty  be.  fits.  Maintenance  and  supply  personnel 
must  also  be  trained  in  handling  and  shipping  warranted  units  so  as  not  to 
void  the  terms  of  the  warrants'.  The  special  data  requirements  of  warranty 
clauses  will  also  require  administrative  action.  Finally, responsibilities 
and  procedures  for  warranty  contract  disputes  should  be  address* 1. 

6.2.13.3  Warranty  Procurement 

Procurement  with  a  warranty  provision  introduces  complexities  not 
normally  encountered.  A  fixed  price  is  being  paid  for  future  guaranteed 
services.  This  creates  problems  in  funding,  in  legal  questions,  and  in 
assessing  the  realism  of  the  price  and  the  value  of  the  warranty.  The 
fact  that  several  warranties  are  now  in  progress  for  several  years  and  will 
be  renewed,  and  others  a.:e  just  now  being  implemented,  suggests  strongly 
that  these  procurement  difficulties  can  be  overcome.  However,  some  of 
these  procurements  involved  intensive  government  effort  to  circumvent  or 
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resolve  the  procurement  problems.  Changes  in  ASPR  and  decisions  on  fund¬ 
ing  should  be  made  as  required  to  allow  for  routine  treatment  of  procuring 
under  warranty. 

6.2.13.4  Unverified  Failures 

The  rate  of  unverified  failures  is  quite  large,  both  in  military  and 
commercial  applications.  The  handling,  shipping,  and  test  costs  that  will 
be  incurred  by  the  military  for  such  unverified  failures  sent  back  to  the 
contractor  can  be  significant.  In  the  current  Navy  ASO/Lear  Siegler  war¬ 
ranty  procurement,  no  additional  cost  is  incurred  to  the  Navy  for  unverified 
failures.  The  philosophy  behind  this  approach  is  to  involve  the  contractor 
directly  in  this  problem  so  that  he  will  institute  design  changes  or  recom¬ 
mend  maintenance  procedures  that  will  reduce  the  unverified  failure  rate.15 
Also,  this  approach  eliminates  one  significant  area  of  possible  dispute. 

its  purpose  is  laudable,  most  contractors  would  probably  prefer  speci¬ 
fic  authority  to  charge  the  military  for  unverified  failure  actions  rather 
than  attempt  to  estimate  such  costs  in  their  warranty  pricing. 

6.2.13.5  Pipeline  Time 

An  often  expressed  concern  of  contractor  repair  with  warranty  is  the 
greater  pipeline  time  such  procedures  will  yield.  When  unit  repair  can  be 
performed  at  the  flight-line  or  organizational  level,  this  may  be  true. 
However,  for  depot  repair,  .we  see  no  particular  reason  for  any  appreciable 
difference  in  pipeline  times;  and  in  some  cases  contractor  repair  can  pro¬ 
vide  significant  reductions.  To  reduce  pipeline  time,  several  contractual 
and  procedural  policies  can  be  adopted. 

One  procedure  commonly  used  by  the  airlines  is  to  include  a  guaranteed 
contractor  turnaround  time  with  a  penalty  for  failure  to  comply.  Airlines 
use  a  spares-consignment  approach,  although  a  financial  penalty  is  also 
possible.  It  would  probably  be  to  both  parties'  interest  also  to  include 
some  positive  financial  incentive  for  ’■•duced  turnaround  time. 

Another  procedure  is  for  the  contractor  to  maintain  a  pool  of  rotable 
spares  purchased  by  the  military.  Upon  failure  of  a  warranty  item,  the 
contractor  is  TWX'd  by  the  using  activity  and  a  replenishment  unit  is 
shipped  immediately  to  the  using  activity.  After  receipt  and  repair,  the 
failed  unit  enters  the  rotable  pool.  This  pipeline  management  approach  is 
to  be  tested  soon  on  A-7E  avionics  through  a  program  known  as  CLAMP  (Closed 
Loop  Aeronautical  Management  Program) . 

6.2.13.6  Reduced  Military  Self-Sufficiency 

There  is  no  question  that  the  military  will  suffer  reduced  self-suffi¬ 
ciency  over  the  warranty  period  when  contractor  repair  is  the  usual  warranty 
procedure.  We  shall  not  attempt  to  explore  the  rationale  of  the  need  for 
such  self-sufficiency  but  do  note  that  in  World  War  II,  and  in  the  Korean 

iS0.  Markowitz  -  Aviation  Supply  Office  (Navy)  -  Philadelphia,  Pa., 
personal  interview. 
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sector6 tc^D^rfo^^ *cts '  *‘eliance  was  pieced  on  elements  of  the  civilian 

The  possibility  ^f^atrik^ha^1*^*1*0*  functlons  on  “ilitary  equipment, 
afflict  t-h»  _  '  bankruptcy,  or  natural  disaster  that  nay 

afflict  the  contractor  is  a  factor  that  must  be  considered. 

on  th^contractor'for  ESS  inV°1Vi?9  de^  heavily 

consultation.  Certainly  th^in  BP*r#  ^  •“H?1*'  •**  technical 

tinual  main^nancrjrri^nf;^  i  ta!T,UBin9  4ctivlt*  can  contract  for  con- 
durino  k#y  miliu*y  parso^.31  by  the  manufacturer 

of  repair  capability*  *"  *  protection  a9ainst  sudden  and  complete  loss 

6.2.13.7  Data  Requirements 

RX.  n!^  current  warranty  programs  in  the  military  require  fairlv 

STSS?  ThU  ~  ^  - 

that  was  involved  it  i.  long‘tera  warranty  provision 

to  collect  enough'data  to  determine  the  w^ntyll.^.r68"^ 

" ch^f"1”9  UHe  infonnation  concerning  failures  so  that  he  may  have  as 
c  information  as  possible  for  instituting  design  improvements  Thirdlv 
if  options  for  renewal  exist,  in  order  to  dLlop^  e^t^  ^icf  ^ 
structure,  the  history  of  previous  warranty  practice  w^ld  be  pertinent. 

6.2.13.8  Effects  on  Small  Contractors 

a  in  We  belleve  *****  there  is  some  element  cf  truth  to  the  statement  that 
tractor  ^Warr^tLPrOVi8i0n  pre8en*  Poaaible  risks  to  a  small  con- 

^er^nl^Lrae  T*9*  hiB  •nt*rte»  *>*8  Procurement  competition, 
clu^  a!?e,COmpanle8  C4n  b8**«  •baorb  the  losses  a  warranty  may 

Ural  LrriCiPated/8li8bility  Pr°ble“  «•  encountered.  Yet  m^y 
tL  m  no  essentially  consist  of  much  smaller  profit-centered  organi¬ 
sations,  making  overall  size  perhaps  less  important  than  it  first  aDDears 

6.2.13.9  Compliance  Assurance 

P  °it4.inC8ntiv88  to  maximise  performance.  The  employment  of  performance 
the  L.icao^ecti^e”n!y  m°°ntary  to  **  ,plrit  of 

^"SISi^iSESf  to  aB,Uring  co“Pli«ce  with  the^warr antyC terms?  *!m" 
th.  ev.nt  of  veivior^n-conplTInc*  “*rr*nty  °°*t  *°“ld  rirt 
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6.3  RECOMMFNDATIONS 


A  number  of  recommendations  are  made  in  this  section  with  regard  to 
the  future  use  of  warranties  for  military  avionics  procurement. 

6.3.1  Warranty  Application 

The  expanded  use  of  failure-free  type  warranty  is  recommended  since 
it  is  the  type  most  easily  administered  and  is  moet  compatible  with  existing 
supply  and  maintenance  administration  systems.  MTBF,  MTBUR,  and  cost- type 
guarantees  should  be  considered  only  if  improvements  in  current  data  and 
record-keeping  procedures  can  be  made.  Warranty  provisions  should  be 
applied  only  to  fixed-price  production  and  maintenance  contracts. 

6.3.2  Application  Criteria 

Criteria  for  selecting  equipment  that  would  be  candidates  for  warranty 
coverage  are  enumerated  as  follows: 

•  The  unit  should  be  field-testable. 

•  Moderate  to  high  initial  support  cost  should  be  required. 

•  The  unit  should  be  readily  transportable  to  permit  returning 
to  the  vendor's  plant. 

•  Tie  unit  should  be  generally  self-contained  and  not  highly 
dependent  on  outside  units  to  perform  major  functions. 

•  The  equipment  maintenance  concept  and  reliability  characteristics 
should  permit  achieving  readiness  requirements  in  an  economic  manner. 

•  Specific  knowledge  concerning  the  unit  application  in  terms 

of  expected  operating  time  and  the  use  environment  iB  necessary. 

•  The  product  must  be  sufficiently  develop'.!  that  reasonable 
estimates  of  the  expected  reliability  and  attainability  may 
be  made. 

6.3.3  Warranty  Provisions 

Warranty  provisions  for  avionics  systems  should  continue  to  exclude 
consequential  damages.  Warranty  plans  should  be  formulated  to  provide  the 
fewest  exclusions  possible. 

Unless  the  unit  has  a  very  low  MTBF  and  high-cost  transportation  prob¬ 
lems,  it  is  best  to  have  the  vendor  perform  the  repair  at  hiB  plant.  For 
the  very- low- MTBF,  complex  units  that  would  cause  difficulty  in  shipment, 
vendors  possibly  can  have  personnel  located  at  major  Air  Force  centers. 

Future  warranty  agreements  « hculd  place  constraints  on  the  turnaround 
time  the  vendor  must  achieve  on  units  returned  Jor  warranty  repairs.  The 
use  of  a  consignment- spare  penalty  is  suggested  since  such  an  arrangement 
will  maintain  adequate  systems  support  to  offset  spares  unavailability  due 
to  lagging  turnaround  time. 
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For  warranty  returns,  the  vendor  should  pay  for  shipping  back  to  the 
user.  Negotiations  on  who  pays  transportation  charges  to  the  vendor  should 
be  conducted  for  each  application. 

As  a  very  general  rule  of  thumb,  the  warranty  period  for  a  failure- 
free  type  warranty  should  be  at  least  three  years  for  new  units.  However, 
this  figure  .nay  actually  be  increased  or  decreased  if  a  detailed  warranty 
co6t  analysis  is  performed  to  show  that  the  optimum  period  is  some  other 
value.  For  older,  proven  systems,  it  is  possible  that  this  warranty 
period  of  three  years  may  be  reduced.  Unless  there  is  a  great  possibility 
of  variation  in  operating  hours,  it  is  suggested  that  the  warranty  period 
be  based  on  calendar  time. 

If  the  production  run  is  not  too  extensive  (one  year)  ,  it  is  probably 
best  to  use  a  single  warranty  start  time,  such  as  average  production  deliv¬ 
ery  dute.  Therefore  a  single  warranty  end-date  will  be  in  force,  rather 
than  different  warranty  end-times  for  the  units. 

6.3.4  Warranty  Procurement 

On  research  and  development  projects,  the  government  should  state  its 
intention  of  incorporating  warranty  provisions  in  the  production  contract. 
In  this  manner,  the  developing  activity  will  design  the  product  with  the 
thought  of  warranty  profit  through  good  R&M  characteristics. 

A  cost  analysis  such  as  that  outlined  in  Chapter  V  should  be  performed 
for  each  proposed  warranty  application.  Such  an  analysis  investigates  the 
relative  cost  in  warranty  and  non-warranty  situations  and  examines  the  cost 
of  varying  warranty  time  periods. 

Warranty  costs  should  be  priced  separately  so  that  appropriate  warranty 
and  life-cycle  cost  analyses  can  be  performed.  This  will  alBo  permit  an 
evaluation  of  a  design-to-cost  requirement. 

In  the  procurement  contract  with  warranty,  options  should  be  provided 
for  warranty  renewal.  However,  it  is  probably  best  to  leave  the  terms  of 
such  renewal  open  for  negotiations  based  on  the  results  of  the  initial  war¬ 
ranty  period. 

6.3.5  Warranty  Development 

A  warranty  administration  guideline  should  be  developed  to  provide 
instructions  to  procurement,  supply,  and  maintenance  personnel  with  standard 
procedures  and  guidelines  for  securing  and  administering  warranty  contracts. 
A  further  part  of  this  effort  would  be  the  formation  of  a  set  of  standard 
terms  and  definitions  applicable  to  the  various  warranty  plans. 

Efforts  should  be  made  to  standardize  the  item  and  packaging  warranty 
marking. 

A  training  program  should  be  considered  for  key  procurement,  supply, 
and  maintenance  personnel  relative  to  the  use  of  warranty  procurements  and 
administration . 
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Additional  emphasis  should  be  placed  on  the  anility  to  provide  ir  the 
field  unambiguous  qo/no-go  testing  for  warranty-covered  items  (non-warranty 
items  would  materially  benefit  from  such  an  effort  as  well). 


Service  data  systems  and  data-analysis  products  should  be  reviewed  to 
determine  how  they  can  be  modified  to  provide  data  products  to  support  war¬ 
ranty  administration.  As  at  interim  measure,  warranty  contracts  siould 
continue  to  require  contractor-supplied  data  products  to  describe  equipment 
performance. 

DoD  should  promulgate  a  policy  statement  encouraging  the  expanded  use 
of  warranties.  F’nal  clarification  should  be  provided  in  regard  to  warranty 
funding.  The  recommended  course  of  action  is  that  initial  production  systems 
be  funded  with  production  monies,  but  that  warranties  on  subsequent  replenish¬ 
ment  buys  and  warranty  renewals  be  funded  with  06M  funds. 

A  study  snould  be  initiated  to  review  and  possibly  eliminate  or  simplify 
some  of  the  current  R&M  production  testing  and  documentation  requirements 
when  warranty  provisions  are  in  effect. 


6.3.6  Phase  II  Recommendations 

This  report  constituted  the  completion  of  a  Phase  I  effort  directed 
toward  an  initial  review  cf  warranty  usage  in  the  airline  community  and  the 
military  as  well.  As  part  of  this  effort,  it  was  established  that  it  is 
possible  to  determine  the  value  of  warranty  on  an  economic  basis.  Chap¬ 
ter  V  of  this  report  presents  an  initial  effort  towards  evaluation  of  the 
costs  associated  with  the  failure-free  type  warranty  plan.  Although  Phase 
was  a  limited  effort,  it  was  found  that  data  are  available  to  support  t  is 
type  of  analysis .  It  is  thus  concluded  that  a  Phase  II  effort  would  e 
value  in  providing  a  more  in-depth  analysis  of  alternate  warranty  plans, 
including  a  validation  through  the  application  of  the  models  to  a  selected 
equipment  development  program.  Deta.  Is  of  the  Phase  II  program  were  or 
warded  under  separate  cover  to  cognizant  program  monitors. 
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APPENDIX  I 


AIRLINE  WARRANTY  AGREEMENT 


Exhibit  1-1,  presented  on  the  following  pages  of  this  appendix,  is  an 
example  of  a  comprehensive  airline  warranty  agreement.  It  contains  most 
of  the  provisions  commonly  used  at  present  in  the  airline  industry. 


65 


Preceding  page  blank 


Exhibit  :~l 


A  COMPREHENSIVE  AIRLINE  WARRANTY  AGREEMENT 


I.  WARRANTY 


1.  The  "Seller"  warrants  each  system,  component,  and 
spare  part  furnished  to  the  "Buyer" 

a.  to  te  free  from  defects  In  material  and  workman¬ 
ship,  and  manufactured  in  conformance  with  all 
applicable  drawings,  specifications  and  other 
written  agreements; 

b.  for  a  period  of  36  months  after  delivery  or  8000 
operating  hours,  whichever  shall  first  occur; 

c.  to  be  merchantable  and  suitable  for  the  particular 
purpose  for  which  designed;  provided  that  such 
products  are  installed,  stored,  maintained  and 
used  in  accordance  with  any  service  and/or  overhaul 
manuals,  service  bulletins  and  information  letters 
furnished  by  Seller,  and  provided  further,  that 
such  products  are  not  modified  in  any  manner  by 
the  Buyer,  and  that  such  products  are  not  installed 
or  used  In  any  manner  not  reasonably  anticipated 

by  the  above  referenced  instructions  and  specifica¬ 
tion  requirements; 

d.  that  should  any  such  defect  develop  in  those  pro¬ 
ducts  within  the  time  specified  above,  where  such 
products  are  installed,  stored,  maintained  and  used 
in  accordance  with  Seller's  written  instructions, 
and  are  installed  and  used  for  the  purpose  for  which 
designed  in  a  manner  reasonably  anticipated  by  such 
instructions  and  by  Seller's  specification  require¬ 
ments,  then  Seller  agrees  to  repair  or  correct  such 
defects,  or  to  exchange  such  defective  part  or  pro¬ 
duct  subject  to  the  terms  of  Section  II  --  Warranty 
Administration. 

2.  Any  product  or  part  approved  by  seller  for  repair  or 
exchange  under  this  warranty  will  be  repaired  or  exchanged 
without  cnarge,  but  in  no  event  shall  seller  be  liable  for 
any  consequential  or  special  damages  due  to  said  defects. 
The  purchase  and  acceptance  of  seller  products  shall  con¬ 
stitute  a  waiver  by  the  buyer  of  any  and  all  claims 
against  seller  for  any  such  consequential  or  special 
damages.  This  warranty  is  intended  as  a  product  warranty 
only,  and  seller  makes  no  warranty  against  latent  defects 
in,  or  against  injuries  to  property  or  persons  resulting 
from,  any  use  of  such  products. 
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Exhibit  I-l  (continued) 


3. 


The  rights  and  remedies  of  Buyer  and  of  Seller  by  this 
Warranty  shall  not  be  exclusive  of  other  rights  and 

provided  in  law  or  equity,  except  to  the  extent 
that  the  warranties  of  Seller  or  the  rights  and  remedies 

of  Buyer  are  expressly  limited  by  the  provisions  of  this 
Warranty. 


.his  Warranty  shall  inure  to  the  benefit  of  the  Buyer 
its  successors  and  assigns.  ’ 

II.  WARRANTY  ADMINISTRATION 


1.  The  Warranty  set  forth  shall  be  admiristered  as  hereinafter 


c‘  All  warranty  repairs,  corrections,  and  replacements  will  be 
at  Seller  s  expense,  provided  that  such  defective  part  or 
product  is  delivered  prepaid  to  Seller's  designated  main¬ 
tenance  and  overhaul  representative.  The  return  by 
Seller  to  Buyer  of  corrected  warranty  equipment  will  be 
made  at  Seller's  expense  to  Buyer's  facility.  Warranty 
claim  determinations  will  be  reasonably  made  based  upon 
reports  from  Seller's  regional  representative,  historical 
data  logs,  inspection,  tests,  findings  during  repair,  and 
failure  analysis,  in  the  event  that  the  defect  or  failure 
cannot  be  confirmed,  then  Buyer  shall  bear  the  expense 
of  shipment  to  Seller's  factory  and  return  shipment  to 

Buyer  s  facility,  plus  the  cost  of  testing  the  returned 
part  or  product. 

3.  Systems,  LRU's,  or  parts  presented  for  repair  will  be 
accompanied  by  the  following  documentation: 

a.  A  written  request  for  repair  under  Seller's  warranty. 

b.  Nomenclature,  serial  number  and  part  number  of  the 

T  nr? 


c.  Reason  for  removal,  including  a  brief  description 
of  failure  data. 

d.  Buyer's  name,  aircraft  registration  numoer,  and 
location  of  facility  at  which  the  unit  or  assembly 
was  removed. 

e.  Location  to  which  unit  or  assembly  should  be  returned 


Exhibit  1-1  (continued) 


11  1 l  1S  reas°nably  determined  in  the  Joint  Judgment  of 
tv  e  and  belK?r  that  it:  is  not  Fractical  to  return 

JhllWa)  ef?Potmr  Y  f°  Seller,s  Plant  for  repair.  Seller 
tion  nVttV  1  fepair  or  correction  at  Buyer's  loca- 
renair  inLtirepair  ?hf1:L  be  effected  at  Seller's  field 

f«??if+l0caii0ni  0r  Buyer  shall  effect  repair  at  his 
facility  subject  to  the  terms  hereof. 

sLnyIpplJftS  t0  UW11Ze  °Pti0n  4  <c>>  snowing 

a.  Buyer  will  make  a  conscientious  effort  to  establish 
the  cause  of  failure,  extent  of  failure  and  the  re- 

Si?hSii  J  ty  Kf  the  fallure-  This  information,  along 
numbef»  serial  number  and  functional  test  & 
data  (where  applicable),  will  be  submitted  to  Seller 
witn  each  claim. 

b.  In  the  event  that  Seller  is  responsible  for  all  or 

pa£*  of  th?  fallui’e>  Buyer  is  authorized  to  make  such 
repair  as  is  required  and  invoice  Seller  for  its 

Agreement6  °f  resPonsibillty  under  the  terms  of  this 

C’  ^?nty  r?palrS  consuming  less  than  three  (3)  hours 
be  considered  a  part  of  this  Agreement 
nlesce  repetitive  type  failure  problem  occurs. 
Scheduled  Unit  Bench  Test"  and/or  "Shop  Checks" 
shall  not  be  considered  a  part  of  this  Agreement. 

shIi?U£P°SeS  °£« thiS  Warranty,  a  "repetitive  failure" 
shall  be  one  which  occurs  two  ~r  more  times  in  the 
same  unit  within  a  sixty  (60)  day  period. 

r?pai5ed  under  this  Warranty  shall  be  on  an 
Inspect  and  repair  as  necessary"  basis. 

haS  a  malfunction  and  is  overhauled  by  Buyer 
warranty  period  at  Buyer's  option.  Seller 

pynpnrt^  refP°nslble  for  any  portion  of  the  labor 
expended  other  than  that  portion  directly  related  to 
that  malfunction  which  caused  removal  of  the  unit 
from  its  place  of  installation. 

Repair  is  defined  as  the  minimum  labor  necessary  to 
return  a  unit  to  a  serviceable  condition. 


d . 


e . 


f . 


Exhibit  1-1  (continued) 


g.  A  written  "WARRANTY  REPAIR  CLAIM"  (3  copies  each) 
shall  be  submitted  to  Seller  (Attention:  Manager, 
Product  Support)  requesting  a  credit  to  the  Buyer's 
account  equal  to  the  number  of  direct  laoor  hours 
expended  multiplied  by  an  hourly  rate  established 
as  set  forth  in  paragraph  h.  hereof. 

h.  For  repair  of  "in-warranty"  units  pursuant  to  the 
terms  hereof,  Buyer  shall  be  reimbursed  at  a  nego¬ 
tiated  annual  hourly  rate  per  man-hour  of  repair 
and  test,  with  no  overtime  provision. 

i.  For  any  single  repair  incident,  the  maximum  number 
of  man-hours  for  which  repair  and  test  reimbursement 
will  be  provided  is  six  (6)  man-hours. 

j.  After  repair  of  each  unit  by  Buyer,  the  remainder  of 
the  original  warranty  will  apply,  except  for  ensuing 
failures  resulting  from  Buyer  workmanship. 

k.  Reimbursement  for  warranty  repairs  shall  be  made  by 
credit  memo  every  sixty  (60)  days. 

l.  Buyer  shall  summar*  ,  month  by  month,  for  reimburse¬ 
ment  purposes,  all  repairs  performed  during  the  period 
of  validity  of  this  Agreement. 

m.  All  values  shown  in  claims  must  be  in  U.  S.  dollars. 

n.  Seller  reserves  the  right  to: 

1.  Assist  in  the  verification  of  findings,  and  to 
periodically  witness  the  repair  of  units. 

2.  Review  each  claim  in  detail,  including  request 
for  additional  data,  prior  to  final  acceptance. 

o.  Reimbursement  of  failed  components. 

1.  Replacement  will  be  on  exchange  basis,  at  no  cost 
to  Buyer.  A  copy  of  the  warranty  claim  should 
accompany  the  failed  components.  This  replacemet  t 
should  be  done  simultaneously  with  the  warranty 
claim  whenever  possible. 

2.  Products  deemed  defective  by  Buyer  must  be  return^ 
to  Seller  freight  prepaid.  After  repair  or  repiac 
ment,  Seller  shall  return  such  products  fn Lght 
prepaid . 
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Exhibit  1-1  (continued) 


HI.  GUARANTEES 


3. 


Reliability  Guarantees 


MTRpe?cWl11  guarantee  the  LRU's  as  shown  below  The 

LRU's  inaSliC??le  J°  the  averaSe  MTBF  of  all  Seller's 
period  operatlon  by  Buyer  throughout  the  applicable 


Guarantees 


Of  f^Airrr'  f-t  Lab°r  x  man-hour/f It .  hour 

Materlnl  *ab°r  X  man"h°ur/flt .  hour 

Maintenance  x  dollars/flt.  hour 

BF  "  m°S‘  x  hrs*  S^wth  curve 

2b-60  mos.  x  hrs,  80#  growth  curve 


ATA^pec^OcT  Chapter  f Ttee  t0  be  ln  acc°rdance  with 
guarantee  -5'  plus  X  percent  deadband  over 

not  exceed ^^percent'per  JS5?1  6SCalatl°"  which  shall 


2. 


data  will  be  ?ervlce-  The 

any  additional  spares  retired?  determlne  MTBF  and 


h^hnc  Provisioning  will  be  determined  by  Buyer  and  will 
It  ™  lhe  ”BP  guarantees  set  forth  In^Ira^aph  f 

y  other  program  factors  determined  by  Buyer! 


■rss  LrlS'I 

■“*  ~  .Sirs  r;n«:;s‘s„ 


™respondInKe?oSaWSieeUif Sd  0D  a  monthlV  measurement 
Sellers  oh??Ub  1  (3)  munth  moving  average. 

•shall  +  obligations  under  the  MTBF  guarantee  program 

?he  LwTsef?  Wiren,th?  flnal  mBP  Suaran2lsPs?f?eS  m 

twilit  M2?e‘  !°rthGn  ParaSraPh  1,  are  achieved  over 

no  earlier  than  thet?nthm0nt^y  measurements  commencing 

Buyer's  aircraft  ?L  5th  m°nth  after  introduction  of 
cuyei  fa  aircraft  into  revenue  service. 
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Exhibit  1-1  (continued) 


6.  The  specific  provisions  for  measuring  the  MTBF  are  as 
hereinafter  set  forth: 

a .  Calculation  of  MTBF 

The  LRU  MTBF  is  defined  as  the  total  number  of  LRU 
operating  hours  in  a  specified  period  divided  by  the 
total  number  of  confirmed  failures  in  the  specified 
period. 

b.  Definition  of  Failure 

The  following  failure  definitions  and  conditions 
shall  apply: 

(i)  Confirmed  failure  -  An  LRU  removed  from  an  air¬ 
craft  for  suspected  failure  shall  be  deemed  a 
confirmed  failure  when,  upon  being  subjected  to 
test  in  the  condition  removed  from  aircraft,  it 
is  unable  to  pass  the  test  for  that  LRU  speci¬ 
fied  by  Seller's  Overhaul  Manual  supplied  to 
Buyer  or  other  mutually  agreeable  test  procedure. 
The  specified  test  must  be  comparable  in  scope  to 
Seller's  acceptance  test  for  production  equipment. 
Tests  may  be  performed  in  Buyer's  facilities  or 
those  of  its  FAA  approved  designee  or  those  of 
Seller. 

aa.  Failure  caused  by  improper  repair,  service, 
handling  or  overhaul  by  Buyer  personnel  or 
Buyer's  designated  facility  other  than  Seller 
is  not  a  confirmed  failure  for  purposes  of 
MTBF  determination. 

(ii)  Irrelevant  Failure  -  Irrelevant  failures  shao.1  not 
be  counted  in  the  MTBF  determination.  Irrelevant, 
failures  are  defined  as  follows; 

aa.  A  failure  caused  by  a  condition  external  to 

the  system,  such  as  improperly  supplied  power, 
improper  interconnecting  wiring,  or  improper 
operation  of  the  system. 

bb.  The  failure  is  a  dependent  (secondary)  failur- 
resulting  from  an  independent  (primary)  failur< 
within  the  same  LRU  provided  that  the  inder  >r 
dent  (primary)  failure  is  specified.  A 
dependent  failure  occuring  in  a  separate  LF 
from  the  LRU  in  which  the  primary  confirmed 
failure  occurred  shall  be  considered  a  failure. 
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iii) 


Exhibit  I-l  (continued) 

the°MTBF'i"dpf +  failures  shall  not  count  in 

The  are  con- 


aa, 


,CertaiS  part  failures  which  do  not  in  anv 
ay  affect  the  normal  functions  and  perfor- 
mance  of  the  system  and  which  can  bePrepaired 

S  from  the  aircraft 

and  which  do  not  cause  aircraft  delay. 

Ruvpr*°nal  RequJrements  ~  At  all  times  while  in 

°  p°S8esslon  the  equipment  shall  be  subjected 

Failures ^hich' no  WitMn  Specifica^°n  requires. 

an  pnJfrnnmpn?  ?  as  a  result  of  an  exposure  to 
an  environment  in  excess  of  that  specified  will  not 

ac-ident^or  ?etermlnatlon-  Failures  resulting 
nnt  improper  maintenance  shall 

maLtenaLe  p^ce^esdse“f  ^n'  '‘T*1*  “d 

w«haIeUer's0Per%ting  and  ”>ai"tenance°maS]alsW;^ 

niahert  5  main!enance  and  overhaul  manuals  fur- 
BUyeF  In  the  case  of  conflict  between 
manSIls  „mUpieva??.Seller'S  m™*ls>  tha  Seller's 

a.  In  the  event  the  average  MTBF  calculated  for  anv  LRU’s 

ISaSSSidraS  aSeiai°Ula^??  Perl°d  1S  l6SS  “L“he 

unit? It  MT?F>  Seller  shall  consign  additional  spare 
units  at  no  charge  based  on  the  following  formula: 

n  =  NS  G-A 

~nr 


n  - 


Ns  - 

G  - 

A 


coSiKnedUtnen  °f  add^tional  sPare  LRU's  to  be 
consigned  to  Buyer  under  MTBF  guarantee  program 

numbe?Umbutr  ^  f}  be  I™*?*  to  the  nearLt^hSie 

lOoS  of*  s^r2'  nifS  than  and  sha11  not  exceed 
MTBF  calculation^  "  Pr°CUred  85  °f  the  date  °f 

Total  number  of  spare  LRU's  procured  by  Buyer  as 
of  the  date  of  MTBF  calculation. 


Guaranteed  MTBF  for  the  LRU. 

Actual  calculated  MTBF  for  the  LRU. 
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Exhibit  1-1  (continued) 


b.  Failure  classification  will  be  mutually  agreeable  to 
Seller  and  Buyer.  If  no  agreement  can  be  reached, 
then  failed  unit  shall  be  subject  to  failure  analysis 
prior  to  classification. 

c.  If  additional  consignment  units  are  required  to  be 
furnished  by  Seller  to  Buyer  here  mder,  Seller  shall 
ship  such  units  to  Buyer  as  soon  as  reasonably  pos¬ 
sible,  but  no  longer  than  60  days  aft^r  completion  of 
the  MTBF  calculations  by  Buyer.  Buyer  shall  notify 
Seller  if  the  indicated  number  of  consignment  units 
exceeds  Buyer's  requirements,  in  which  case.  Seller 
shall  be  obligated  to  supply  only  that  quantity  re¬ 
quired  by  Buyer. 

8 .  Return  of  Consignment  Units 

Any  LRU's  consigned  under  the  provisions  of  Paragraph  7, 
shall  be  shipped  to  Seller  as  soon  as  possible,  but  no 
later  than  60  days  after  an  MTBF  calculation  in  which  the 
system  meets  or  exceeds  the  previous  internal  MTBF  calcu¬ 
lation. 

IV  MANUALS,  DATA,  TECHNICAL  ASSISTANCE 

1.  Seller  shall  furnish,  at  no  cost  to  Buyer,  a  reasonable 
quantity  of  sets  of  all  operating,  maintenance,  overhaul 
and  parts  manuals  conforming  to  ATA  Spec  100  required  for 
the  installation  and  maintenance  of  the  units.  Service 
bulletins  and  such  revisions  to  the  above  manuals  and  data 
as  may  be  necessary  to  reflect  revisions  in  operating, 
maintenance,  or  installation  procedures  shall  be  furnished 
promptly. 

2.  Seller  shall  provide  the  minimum  engineering  information 
and  data  necessary  for  the  installation,  service  and 
repair  of  subject  equipment  by  Buyer. 

V  PATENT  PROTECTION 


Seller  agrees  to  indemnify  and  hold  Buyer  harmless  from  and 
against  any  and  all  loss,  cost,  damage,  expense  and  liability 
(including  reasonable  attorney's  fees)  resulting  from  the  in¬ 
fringement  or  alleged  infringement  of  any  United  States  or 
foreign  patent  or  patent  right  by  reason  of  the  manufacture, 
use,  sale  or  resale  of  the  items  sold  by  Seller  to  Buyer 
hereunder;  provided,  however,  that  this'  indemnification  pro¬ 
vision  shall  not  apply  and  no  right  to  indemnification  here¬ 
under  shall  arise  with  respect  to  any  claim,  loss,  cost, 


) 


!  73 


Exhibit  1-1  (continued) 

damage,  expense  or  liability  unless  Buyer  gives  Seller 
written  notice  of  a.iy  matter  with  respect  to  which  indemni¬ 
fication  will  be  sought  hereunder  promptly  upon  the  receipt 
or  obtaining  of  knowledge  of  such  matter  by  Buyer.  In  the 
event  any  claim  is  asserted  or  threatened,  as  to  which  Buyer 
will  seek  indemnification  hereunder  Seller  shall  have  the 
absolute  right  to  defend  against,  settle,  compromise  or 
otherwise  dispose  of  said  claim,  including  but  without  limi¬ 
tation  thereto,  the  right  to  contest  or  litigate  the  same 
through  counsel  of  its  own  choosing,  and  Buyer  agrees  to 
cooperate  with  Seller  fully  with  respect  thereto  at  no  cost 
or  expense  to  Buyer. 

VI  SPARE  PARTS,  SERVICE  AND  TRAINING 

1.  Seller  will  make  available  to  Buyer  spare  parts,  accessory 
equipment  and/or  components  which  are  now,  or  will  here¬ 
after,  be  manufactured  either  by  Seller  or  by  others  to 
Seller's  design  or  order,  and  which  are  rot  readily  avail¬ 
able  on  the  commercial  market,  in  adequate  quantities  to 
meet  Buyer's  needs  for  repairs  and  replacements  with 
respect  to  all  products  purchased.  Components  will  be 
sold  and  delivered  with  reasonable  promptness  upon  receipt 
by  Seller  of  Buyer's  order  at  Seller's  prices  prevailing 
at  the  time  of  receipt  of  each  such  order.  Such  prices 
will  be  reasonable  and  will  be  firm  for  ninety  (90)  day 
periods  following  the  issuance  of  respective  price  quote. 

2.  Seller  agrees  that  the  spare  parts  which  it  has  the  obli¬ 
gation  to  make  available  to  Buyer  will  be  available  at  its 
factory  or  at  other  suitable  designated  points.  Delivery 
lead  time  required  for  such  parts  shall  in  no  event  exceed 
one  hundred  twenty  (120)  days. 

3.  Seller  will  provide  ATA-100  type  operating,  maintenance 
(including  exploded  parts  view)  and  spare  parts  manual  to 
all  Buyer's  of  Seller's  equipment.  Such  manuals  will  be 
registered  to  Buyer  and  Seller  will  maintain  all  changes 
or  additions  to  each  specific  manual.  In  addition.  Seller 
will  supply  Buyer  with  a  current  spare  parts  price  list. 

4.  Seller  will  maintain  an  FAA  approved  overhaul  station  at 
its  facility.  Such  facility  will  be  staffed  with 
technically  qualified  service  representatives  fully 
competent  to  accomplish  repair  and/or  modification  of 
Seller's  products. 
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VII 


b-  oeller  will  provide  training  for  Buver's  maintenance 
personnel  in  the  operation,  mainter  ice  and  overhaul 
of  products  at  its  plant  during  scheduled  periods  of  time 
to  be  mutually  determined  by  Buyer  and  Seller.  Seller 
will  also  engage  in  field  support  activities  at  all  domestic 
Buyer  s  facilities  as  required  for  sufficient  field  training 
and  product  support.  Seller  will  recuire  no  payment  for 
reasonable  amounts  of  such  training  s'ervice. 

PRODUCT  SUPPORT 


General  Terms : 


1.  Seller  shall  furnish  all  the  elements  of  Product 
Support  outlined  in  this  Agreement  at  no  cost  to 
Buyer,  unless  otherwise  specified  herein. 

0.  Seller  shall  comply  with  ATA  Specifications  100, 

101,  200  and  300. 

3.  Seller  shall  have,  or  agree  to  obtain,  adequate 

facilities  and  qualified  personnel  to  provide  Buyer 
the  proper  support  of  its  products  and  equipment  as 
long  as  at  least  five  (5)  aircraft  equipped  with 
this  system  are  in  regularly  scheduled  operation. 

^ .  Seller  shall  require  of  its  lower-tier  suppliers,  to 
the  extent  applicable,  the  same  product  support  assur¬ 
ances  granted  Buyer.  In  the  event  such  lower-tier 
suppliers  fail  to  comply,  the  Seller  will  then  assume 
and  fulfill  the  necessary  obligations  at  no  additional 
cost  to  Buyer. 


B.  Spare  Parts  Provisioning: 

1.  Seller  shall  supply  initial  spare  parts  recommendation 
data  and  revision  service  to  Buyer  at  no  additional 
charge . 

2.  Seller  shall,  at  no  charge,  provide  continuous  revision 
service  for  all  provisioning  data  until  such  services 
are  discontinued  by  mutual  consent. 

3-  Seller  shall  provide,  without  charge,  qualified  per¬ 
sonnel  to  assist  Buyer  in  the  initial  provisioning  of 
the  system,  if  so  requested  by  Buyer. 


75 


Exhibit  1-1  (continued) 

C.  Spare  Parts  Marketing  and  Inventory: 

1.  Seller  shall  maintain  a  stock  of  insurance  spare 
parts,  in  sufficient  range  and  quantity,  as  to  meet 
Buyer's  normal  recurring  and  emergency  operating 
requirements.  Such  material  shall  be  maintained  in 
a  manner  and  location  sufficient  to  provide  for 
delivery  to  Buyer  within  thirty  (30)  days  of  the 
receipt  of  a  routine  purchase  order  or  twenty-four 
(24)  hours  on  an  emergency  basis. 

2.  Seller  warrants  that  all  spare  parts  purchased  from 
Seller  by  Buyer  shall,  at  the  time  of  delivery,  be 

in  a  proper  configuration  for  installation  on  Buyer's 
aircraft.  If  Seller  ships  incorrect  spare  parts  to 
Buyer,  Seller  shall  make  immediate  no  charge  correc¬ 
tion  and  bear  all  costs  of  transportation  related  to 
the  return  and  reshipment  of  such  material. 

3.  Seller  shall  permit  Buyer  to  fabricate,  or  permit 
others  to  fabricate,  spare  parts  in  the  following 
events : 

a.  If  Seller  becomes  bankrupt  or  insolvent. 

b.  If  Seller  suspends  manufacture  of  its  products  or 
cannot  at  any  time  produce  at  a  reasonable  price. 

c.  If  Seller  fails  to  fulfill  its  obligations  under 
this  Agreement. 

d.  At  any  time  that  such  spare  parts  are  needed  to 
effect  emergency  repair  and  Buyer  can  obtain  such 
items  from  another  source  sooner  than  Seller's 
quoted  emergency  delivery  schedule.  In  such  cases, 
the  warranty  for  any  component  or  part  shall  lie 
with  the  Buyer  or  supplier  of  such  component  or 
part. 

4.  Seller  shall  promptly  provide  price  and  delivery 
quotations  to  Buyer  upon  request  and  such  reply  will 
be  by  the  same  media  through  which  the  request  was 
transmitted.  Routine  mail  request  shall  be  replied 

to  within  ten  (10)  calendar  days  after  receipt.  Tele¬ 
graphic  requests  shall  be  answered  by  wire  within 
twenty-four  (24)  hours  after  receipt.  Telephone 
requests  shall  be  answered  by  phone  within  eight  (8) 
hours  if  the  information  is  not  immediately  available. 
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:1  I'./'  -hall  accept  purr 
■y  :parc  parte  pertain: 


hase  orders  from  3uyer  fer 


to  Seiler 


products 


sne 


shali  promptly  act  upon  such  purchase~crders"  Ceiler 
^hd.11  lurther  acknowledge  each  such  purchase  oraer  tc 
tu'pf  "  +lr‘  w£ltln5  within  ten  (10)  calendar  days  from 

-hall  con?Jine|C\ipt  lhere2f*  Seller's  acknowledgment 
.hall  .ontain  lelivery  information,  notice  of  changes 

for^thp^npMf'  other  information  as  may  be  required 
tor  the  specific  transaction. 


D.  Spares  Pricing: 

1.  Seller's  spare  parts  prices  shall  be  fair  and  reasonable 

price-  shallhrema?  f °™al  price  list.  Such  advertised 
prices  shall  remain  firm  for  a  period  of  one  (1)  year 

from  issuance ,  at  which  time  a  revised  price  list' may 

nine  t  Wool  I"1*  reVlEed  prlCe  list  mus?  »e  issued  ^ 
ninety  (90)  days  p.^ior  to  the  effective  date  to  Buyer. 

E.  Packaging : 

1.  Seller  shall  package  all  spare  parts  sold  to  Buyer  in 
accordance  with  ATA  Specification  300.  h 

F-  Order  Administration: 


1. 


2. 


Seller  shall  establish  qualified  personnel  within  its 
organ^aucm  *°  regularly  administer  orders,  inquires 

tSdde??erhal  s?r1ces  squired  by  Buyer  with  resoect  ' 
to  Seller  s  products,  spare  parts  and  data. 

Seller  shall  provide  a  point  of  contact  for  emergency 
ordering  and  technical  Inquiries  on  a  twenty-four  (si ) 
hour  day,  seven  (7)  day  a  week  basis.  1 
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APPENDIX  IT. 

FAILURE-FREE  WARRANTY  PROVISIONS 

The  failure- free  warranty  provisions  shown  as  Exhibit  II-l  were  de¬ 
veloped  by  Lear  Siegler,  Instrument  Division,  being  derived  from  their 
current  contracts  fiv^ii  Aviation  Supply  Office  and  U.S.  Air  Force  contracts 
In  setting  forth  these  provisions,  they  have  made  the  following  comments: 

1.  Since  all  products  and  their  specifications  have  individually 
distinctive  characteristics,  this  will  require  some  minor 
modifications  and/or  additions  to  these  clauses.  The  clauses 
should  be  used  only  as  a  standard  starting  point.  They  are 
not  intended  for  use  in  a  pure  "cook  book"  f ill-in-the-blanks 
approach. 

2.  The  following  FFW  clauses  are  a  combination  of  the  most  work¬ 
able  ones  from  both  of  the  original  Navy  and  the  Air  Force 
FFW  contracts. 

3.  There  are  several  individually  nanbered  characteristics  which 
normally  vary  from  product  to  product  that  must  be  identified 
for  each  product  considered  as  a  candidate  for  the  application 
of  the  FFW  procurement  concept.  If  the  Contracting  Officer 
and/or  his  technical  counterpart  will  obtain  the  information 
identified  in  these  individually  numbered  characteristics  and 
write  them  in  the  numbered  blanks,  it  will  be  a  relatively 
simple  process  to  then  fill  in  the  correspondingly  numbered 
blanks  marked  throughout  the  proposed  warranty  provisions. 

4.  Since  these  warranty  provisions  come  directly  from  two  cur¬ 
rently  existing  contracts,  it  is  assumed  that  they  have  passed 
the  legal  reviews  of  both  the  Navy  and  the  Air  Force. 
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■  Preceding  page  blank 
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INSTRUCTIONS  FOR  APPLYING  EXTENCEO  TERM/FAILURE  FREE  WARRANTY 


These  warranty  provision*  arc  divided  Into  (our  (4)  major  parts. 

PART  I  -  Statement  of  Contractor  Warranty 

PART  1 1  -  Contractor  Ob  1 1  gat  I  ons 

PART  III  -  Government  Ob  1 1  gat  I  ons 

PART  IV  -  Mlscal  lanaous 

The  key  Indlvidnal  characteristics  listed  below  constitute  all  required 
Information  to  fill  In  the  blanks  of  the  attached  model  provisions. 


First  develop  a  list  showing  your  selected  values/nomenclature,  etc., 
to  be  used  for  the  characteristics  Items  listed  below. 

Then  Insert  value  nomenclature  for  the  Item  corresponding  to  the  number 
(N)  In  each  of  the  correspondingly  (N)  numbered  blank  spaces. 


(N)  -  NU'SER  KE~  FOR  FILLING  THE  BLANKS  OF  THE  INDIVIDUAL  CHAVCTERISTICS/ 
FFW  WARRANTY 

1.  Name  of  the  Unit  _ _ 

2.  Contractor's  Marne,  Logo  or  Initials  ________________ 

3.  Contractor's  Model  Number  _________________ 

4.  Contractor's  Part  Number  _______________ 

5.  Controlling  Field/Depot  Test  Spec  or  T.O.  ______________ 

6.  tyjantity  of  Operating  Hours  Warranted  -  _ 

(Warranty  max.  duration  In  unit  operating  hours, 

usually  only  60/90f  of  anticipated  average  unit 
flight  program,  pius  ground  operating  time  tor 
calonder  warranty  period.) 

7.  <^iantlty  ol  Years  Warranted  -  (Warranty  max. 
duration  i;,  years  -  usually  I0/20JJ  longer  than 
that  poriod  required  to  experience  average  unit 
flight  program. 


6.  $iantlty  of  Qsys  Warranted  (Set  same  as  7  above) 

9.  Aircraft  Type  Oeslgnatlon(s)  using  Warranted  Unit 

10.  System  Designation  using  Warranted  Unit 

11.  Fleld/Oepot  Test  Set  Designation 

12.  Using  Service  Test  Record  Tag  or  Form  9 

13.  Federal  Stock  0  of  Shipping  Container 

14.  Contractor's  Authorized  Warranty  Repair  Station 

15.  Minimum  Number  Days  -  No  Incentive  "Turn-around" 

16.  Mascl  mum  Number  Days  -  No  Penalty  "Turn-around" 

17.  12  Months  Less  Than  Total  Warranty  Term  in 
years/days 

18.  Total  Quantity  of  Units  Under  Warranty 

!?.  ACO  or  PCO  (,  Symbol 

20.  Using  Service  Operational,  Logislic  and/or 
Maintenance  Data  System  Identifier 

21.  A  fixed  X  usually  150?  or  more  of  most  or  a  I  I  the 
field  level  acceptance  test  values.  Those  values 
must  be  set  to  allow  some  degridation  frcm  "as 
new"  mfg  or  overhauled/repaired  units,  but  when 
operating  to  their  expanded  limits  must  still 
furnish  acceptable  input  to  the  other  inter¬ 
facing  boxes  of  the  system 


Exhibit  II-l  (continued) 
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FAILURE  FREE  WARRANTY  PROVISIONS 

jELjEL  SYSTEMS 
- MOOEL  0 

Pflrt  I  ■  Statement  of  Contractor  Warranty 

*•  ?^*!!!!'HandHn9  ®°vernfl,en+  Inspection  and  acceptance  of  supplies  and  services 
lZ  r  *r.  <  th'=  contract  or  any  precision  of  this  contract  concerning 
S'^eSSothere^  th®  contr8ctor  warrants  that  each  (Q _ 

ffiis  contrarf^Ti  i  h  "«  - ’  FSN - -  unlt  turnTsKed  under 

i  Z**  CtS  m8teria  and  wor Mmensh i p  and  will 

as  soKif  Id  Sm9le  value  France  retirements  for  the  unit 

as  sofic.f  ,ed  T."0r_r|) -  for  the  first  _0  hours  or  (1)  years 

litTliVn  in  +^VS  ,nductl0n>  whichever  first  occurs,  when  properly  in¬ 
stalled  in  the  - ® - aircraft  as  part  of  the  fid  System. 

2‘  “n'7.f“r?ished  under  this  contract  which  falls  within  the  warranty 

PtZ  ??♦!  rh:CKh  ,S  returned  to  contractor's  plant  or  designated  repair 
aclllty,  at  the  expense  of  the  Government,  shall  be  repaired,  or  replaced, 

ate^tMn  ^  s  so'°  opt'on>  at  noxhange  in  contract  price  so  as  to^per- 

'!!*  ",thI"  the.:-t  1  ,,n'ts  - GL_ _ as  specified  in  Paragraph  I 

♦  aS  rep  a<red  sha"  be  delivered  to  the  Government  In  the 
shipping  contamer  spec .  f  ,ed  by  this  contract,  FOB  contractor's  plant  or 
repair  faci  I  i*y,  freight  not  a  t  lowed. 

3‘  f!!e  01  Part  IV’  Para9raPhs  2,  3,  and  6,  and  except 

~ es  which  would  not  have  occurred  but  for  the  fault  or  negligence 
of  the  Contractor,  the  Contractor  shall  not  be  obligated  to  repair  or 
replace  any  such  unit  warranted  here  under  which  is  lost  or  damaged  by 
tra"sportat ' on »  handling,  fire,  explosion,  submersion,  flood, 
aircraft  crash,  or  enemy  combat  action,  unless  such  loss  or  damage  occurs 
on  premises  owned  or  controlled  by  the  Contractor. 

4’  Vh*t:e:mr'S  0pti°n’  UnltS  declared  lost  or  stricken  may  be  replaced 
for  6  cons.derat.cn  paid  to  the  Contractor  with  a  non-warranted  unit  and 

nlarld*  .™r,s,®['red  cred,+  of  remaining  warranty  coverage  from  the  re- 

Gwernment  amOUn+  mutual,y  a9reed  °P°"  bY  the  Contractor  and  the 

5*  ^+Pt  V  provided  by  the  c,a«se  entitled  Inspection  and  Acceptance, 
StoElSt*  obl,9a!'°ns'  a"d  th®  Government's  remedies  ror  repair  and 
Ichn  i  i+h«nt  ’  !°  ely  and  exclusively  as  stated  herein  In  no  event 

shaM  the  contractor  be  liable  for  special  consequential  or  Incidental 


Ear*  JLL  -  Contractor  Obligation^ 

'■  'nltlat,d  r*  *  lab  I  llty/malntainabl  I  Ity  ECP's  for  th.  unit 

P^eiraphT  ^  n0n"'  Bul,e+In  445  proc«dur«-  See  also  Part  III, 

2  Inn  shal!  causa.a  si?1  table  end  prcmlnent  display  of  the  follow¬ 

ing  Information  or  Its  equivalent  In  addition  to  the  standard  Identification 
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plate,  to  be  placed  on  the  surface  (s>  of  the  unit  to  Insure  reasonable 
visibility  when  installed  and/or  removed. 


I .  Warranted  product . 


For  ETI  hours  of  Cl ^  years  (  (T)  days)  from 
Initial  shipment,  whichever  first  occurs. 


the  date  of 


3.  If  this  unit  falls  within  the  warranty  period,  the  following  action 
«ust  be  taken  by  the  using  activity: 

a.  Verify  the  failure  on  the  appropriate  Test  Set,  (Tf)  per  _ _ 

b.  Record  failure  circumstance  data  and  line  tester  findings  on _ tag 

or  equivalent. 

c.  ftsckage  in  original  container,  FSN  or  equivalent  and  return 

both  the  unit  and  fai  lure  circumstance  data  to _ (W) _ , 

Within  120  days  after  receipt  of  award,  the  contractor  shall  submit  to  the  Gov¬ 
ernment  for  approval  the  proposed  wording,  content  and  replacement  of  this  inform¬ 
ation.  Material  suitability  and  method  (s)  used  to  apply  it  to  the  unit  shall 
also  be  Submitted  at  this  time  for  Government  approval. 


3,  Torn-arcund  Time  -  Serviced 

The  turn-around  time  for  units  input  for  serv  ic  ing  under  tha^ai  lure  Free 

Warranty  provision*?  of  the  contract  shall  average  Ob)  to-  p6)  days. 

Further,  on  the  J©  to  (Hi)  day  turn-around  time,  an  incentive/penalty 

shal I  be  appl ied  as  fol lows: 

(1)  A  contract  average  turn-around  time  (date  received  to  date  shipped 
by  contractor)  shall  be  developed  and  included  as  part  of  the  data 
requirements  as  in  FF reoert.  See  Part  II,  Para.  6  (A)  "FFW  War¬ 
ranted  Products  System  Status  Report". 

(2)  _ (T7) _  months  after  the  beginning  of  the  warranty  period 

this  average  sha  I  I : 

la)  Be  determined  as  -  ,  i.e.,  more  than  (2)  days  or  less  than 
(Tb)  days . 

(b)  The  difference  shall  be  multiplied  by  the  number  of  units 
experienced  to  that  date  and  then  divided  by  the  quantity 
of  I  under  warranty  /TTTy 


(c)  The  Warranty  period  for  esch  warranted  unit  shall  then  be: 
Shortened  (incentive),  or 

lengthened  (penalty)  by  that  amount  depending  upon 
whether  the  average  determined  in  2a  above  is  less 
than  (Ts)  days  cr  men  than  (Todays. 


Exhibit  II-l  (continued) 


i 


83 


If  -the  resulting  average  It  between  days 
and  m  ;  days ,  no  change  thall  be  madeP^ 


4.  The  contractor  shall  maintain  records  by  serial  number  for  each  unit  under 
warranty.  These  records  shall  Include,  but  not  necessarily  be  limited  to 
date  thipped,  date  failed,  date  received,  date  reshipped,  with  corresponding 
elapsed  time  indicator  readings  as  well  as  the  warranty  period  remaining  to 
be  used  on  each  unit.  These  records  shall  be  made  available  to  the  Govern- 
ment  upon  request. 

5.  The  contractor  shall  place  these  warranty  provijlons  In  all  Technical 

Manuals  that  preside  coverage  for  this _ nV _ • 

6.  Data  Requirements 

The  contractor  shall  agree  that  in  conjunction  with  the  warranty  to  be 
supplied  hereunder,  the  contractor  will  establish  and  maintain  a  data 
system  capable  of  assimilating  the  data  inputs  required  to  provide  The 
following  data  products  for  the 

These  data  products  shall  be  processed  ana  submitted  quarterly  to  resist 
of,  but  not  necessarily  be  limited  to  the  folluw' 

(A)  FFW  Warranted  Products  System  Status  Report. 

This  report  shall  present  the  prlnt-out  of  a  comp  ehenslve 
overview  of  program  status  and  shal1  show:  (!)  Warranty 
days  and  hours,  shipped,  used,  and  remaining.  (2)  All  four 
(4)  pipeline  quant  i  t  ies  of  units  shipped,  returned.  In  the 
field,  in  aircraft,  at  (T)  and  stricken.  (3)  average 
aircraft  and  ut  I  I  i  zati  on  rates  ground-to-air  oper--1  ng 

ratios.  (4)  SreSn— T Ime-Between-Return  and  Mean-Tim  -Be  <een- 
Fa  I  lure. 

(B)  A  narrative  synopsis  of  FFW-Warranted  Products  System  Status 
Report. 

(C)  FFW  -  Unit  Status  Summary -KTTR-MTTF  Report: 

This  report  will  show:  (I,  Each  FFW  unit  by  Serial  Number. 

(2)  Elapsed  clock  time  and  cycle  completion  date  for  each 
shlp-to-return  cycle  completed  by  each  unit.  (3)  Entries 
appearing  on  the  report  for  the  first  time  are  to  be  High¬ 
lighted.  (4)  The  latest  known  status  of  each  unit  is  to  be 
shown  along  with  the  action  date.  (5)  A  two-part  summary 
shall  appear  at  the  end  of  this  report  to  show:  (a)  Incre¬ 
mental  Mean-T Ime-To-Return  and  Meen-TIme-To-Fal  lure  by  cycle 
by  month  for  each  of  the  preceding  twelve  months,  (b)  MTTR 
and  MTTF  figures  to  date  by  cycle  for  each  of  the  preceding 
twe  Ive  months. 

(D)  FFW  Units  Presumed  Lost  Report. 

This  report  shall:  (I)  List  those  units  presumed  lost  aboard 
stricken  aircraft.  (2)  Show  sorlal  number  end  installation 
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data,  aircraft  typo,  bureau  number  and  strike  date. 

■2  5rj-.s:ir.a  s.  -r,„. 

*.  lie-in ‘ "9  ““M  °'  “,r,n,» 


'  0I#_ 
»  CO.  bet- 
U.  These 


CE)  FFW  Unit  -  Low  Activity  Report: 

This  report  shall  display  two  lists;  (|) 

latest  record  indicates  shipment  fr4m 
the  Maw  anH  f  ...k  i _ »  " 


A I  L  un 

-_S- 

tport  f 


units  who.  j 
to 

or  a  period 


^  ,  -  —  •Hmwni  rnem  r? 

the  Navy  and  lor  which  there  has  been  nTFi& 

cates  instal  l»t-toVS*  <2)  A"  units  wh°se  latest  record  indi- 

srrisrs  ?  “ 

“!«  fi.T  °  ,n“”Ve  ““  »»"  ««"  «PP»r  „ 

f  H  I  -  Government  Ob  I  i  cat  i on 

I.  The  Government  shall,  to  the  extent  possible: 

a.  Test  all  units  on  applicable  I'Ti'S  *  .  „ 

•t  Point  o.  tension  . . . 


b. 


c. 


d. 


fndx  imum  f d i I ur  6  c  i  rcuirnlAnro  w.*,  _  .  . 

recorded  on  tao  or  and  tes1  rea<J,n9s»  correctly 

- -  Tag  or  equivalent. 

v  •"  r 

of  repairs  as  used  by  the  suppl.er  to  originally  Ship  thTunlt !" 

Return  each  unit  within  sixty  (60)  davs  to  iKp  i 

Including  the  furnishing  of  recorded  fa  i  lurin'  ,  >CCorrence 
(T?)  L  „  .  ure  circumstanced  daTa  on 

17  not  returned  within  Mid  sill  lint  ^Cwever’  in  the  pvent  a  unit 
circumstance  Lta  s  not  url  llL  th  **  PPr''°d  °r  the  ,aMure 
as  to  such  unit.  ed*  thc  "“cranty  shall  remain  in  effect 

2.  The  Government  will  be  responsible  for 

containers  or  the  equivalent  thereof  f  r  ta,n,n9  an  adequate  supply  of 
their  destinations  for  the  life  of  the^alUnt^™^  0<  ^  Un'tS  t0  Jnd  ,rtTn 

ef  fected  through  theCjncent  i  vlTlealuI,  "ol  '  t  h^s^wi^on^ir  CO?t  .COn^°' 

S^rSrrr.lSI.Tt"  InVSUr^b5^1^-  ^^t'h^ 

special  e^editi.st«Irs!:^;^n^I,I^r^;:-f  — ive 

^rss^Terar:«T;r^ ,v 

not  If  iWt  ion  of  its  dfsappr’oval  fren  ?hl°r r°Ctor  has  received  written 
s  ui sapprova  from  the  Government  prior  to  that  date. 

4.  The  Government  will  be  responsible  for  providinc  all  6o)„nrt  ik 

Type  data  to  the  contractor  Failure  to  c.lln  9  aM^an<J  o1hor  serv.ee 
•hall  outc/iot  ico  1 1  y  relieve  the  ccntractcr  o?  I  f  ? '  ioI  data  elements 
tho  Data  System  Reports  required  by  Part  II  |J«LI  *  ^!="  1a~*n-a.n 

tt.  I.jvl  Mo  !,  ""  6'  S”Ch 
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Upon  tha  receipt  of  the  returned  unit  at  contractor's  plant  or  repair  facility, 
the  resident  DCASD  Quality  Assurance  Representative  shall  determine  whether 
repair  Is  required  under  this  warranty. 

Disposition:  (Applicable  only  to  Part  I,  Para.  3  e^vve)  Each  unit  returned 
under  this  contract  for  warranty  support  that,  upcn  examination  at  the  supplier's 
facility.  Is  not  considered  to  be  economically  repairable  by  the  Government 
■hail  be  declared  non-repairabie  *nd  disposed  of  by  the  contractor  as  directed 
by  the  (ij)  . 

a.  The  contractor  shall  have  the  right  to  assert  charges  for  any 
reasonable  services  performed  by  the  contractor  as  directed  by 

the  l|9j  in  connection  with  the  disposition  of  Government  property 
herein  above  described.  Any  materials  required  to  ba  furnished  by  the 
contractor  in  connection  with  shipment  of  such  Government  property 
6hall  be  regarded  as  Direct  Materials  for  which  the  contractor  shall 
be  entitled  to  reimbursement. 

b.  In  no  event  will  the  contractor  be  allowed  to  retain  the  dlspos  it  toned 
unit  unless  he  reimburses  the  Government  for  its  value  to  him. 

If  the  Government  directs  the  repair  of  a  unit  damaged  by  one  of  the  causes 
set  forth  in  Part  I,  Para.  3,  an  equitable  adjustment  in  '■ontract  price 
will  be  negotiated  for  such  repair. 

Transfer  of  Warranty  Credit 

If,  within  36  months  after  date  of  initial  shipment  under  contract  (induction), 
an  article  is  determined  to  be  out  of  warranty  for  any  of  the  following 
conditions:  Unauthorized  Repa  ir/Open  ing,  Obvious  Carnage,  I.ost  Stricken*, 

Dlspos  it  ioned,  "0"  Activity*;  the  unit  may  be  returned  to  warranty  or  have 
the  remaining  warranty  credited  and/or  transferred  to  a  like  unit  by  applying 
ona  of  the  following  options: 

•NOTE  I:  Criteria  tor  Lost/Str i^en  and  "0"  Activity  Units  shall  be 
the  appearance  of  the  same  FEW  unit  serial  number  on  any 
two  (2)  consecutive  quarterly  Presumed  Lost  A  Stricken 
and/or  Low  Activity  Report. 

Opt  I  on  I 

Tha  uni*  returned  to  the  Contractor  and  the  Contractor,  at  his  sole  dls- 

c.  jtlon,  electing  to  repair  the  unit  as  If  the  sai  i  unit  had  fa  I  led  for 
causes  covered  by  warranty. 

OfctJon  1 

The  unit  returned  to  the  Contractor  with  authorization  from  the  Government 
to  repair  and  cherge  the  Government  for  all  repair  costs  except  those  which 
would  have  been  incurred  and  covered  by  the  warranty. 

Option  3 

The  Government  providing  felled  replacement  unit  either  new  or  existing 
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ncn~FFW  unit,  paying  the  Contractor  for  the  initial  induct  lon/rapa  ir 
•t  the  contract  prica  and  directing  the  Contractor  to  transfer  **  tha 
remaining  warranty  to  tha  repltcad  unit. 

Potion  4 

By  mutujl  consent  of  both  Government  and  Contractor:  transfer**  re¬ 
maining  warranty  from  damaged-d i spos it ioned  and/or  lost  and  stricken 
units  ~>o  other  active  FFW  units  under  this  contract. 


It  shall  be  incumbent  on  the  Contractor  to  notify  the  Government  of  all  units 
requiring  any  of  these  actions  within  30  days  of  receipt  of  the  unit  or  contract 
report  showing  units  with  one  or  more  of  these  conditions. 


••Note  2:  a)  If  Government  author i rat  ion  is  received  by  the  Contractor 

within  60  days  after  initial  notification  by  the  Contractor 
to  the  Government,  the  warranty  shal  I  transfer  on  a 
pro-rata  basis  from  the  date  of  the  second  report. 

b)  If  Government  author  i rat  ion  is  not  received  within  60  days 
after  notification  from  the  Contractor,  the  warranty  shall 
transfer  from  the  date  the  author  i rat  ion  is  received  or 
mutual  consent  achieved. 


c)  In  no  event  shall  any  transfer  or  other  adjustment  be 
made  after  BOJ  of  the  calender  warranty  period  has  been 
used.  Further,  the  calender  warranty  expiration  date 
of  the  replacement  unit  shall  be  the  same  as  for  the 
original  replo  ed  unit. 


Lost  and  stricken  units  which  are  subsequently  found  and  returned  to  the 
inventory  shall  be  returned  to  warranty  and  the  Contractor  repair  for  the 
full  warranty  period  that  was  transferred  and/or  credited  to  seme  other 
warranted  units. 


5.  All  material  removed  from  any  unit  repaired  by  the  contractor  or  any  unit 
replaced  pursuant  to  this  warranty  shall  become  contractor's  property 
except  as  prs/ideo  m  the  disposition  provisions  hereof. 

6.  The  Government  shall  not  provide  new  (i.e.  additional  facilities,  tooling 
or  equipments  of  any  tvpe  lor  con' ractor  performance  under  the  warranty 
unless  it  is  specific  I  ly  negotiated  at  the  time  of  basic  contract  award. 

7.  II  the  Contracting  Office  determines  that  a  deficiency**  exists  in  any 
of  the  units  accepted  by  the  Government  under  this  contract,  he  shall 
promptly  notify  the  contractor  of  the  deficiency,  in  writing,  within 

45  days  after  discovery  of  the  deficiency.  If  the  contractor  independ¬ 
ently  discovers  a  deficiency  in  acccptec  supplies,  he  shall  promptly 
not  i  f  y  the  Cont  ra  ct  mg  0  f  f  i  cer  i  n  wr  it  i  ng .  Upon  d  i  sc  over  y  or  not  i  f  i  - 
cation  cj  a  deficiency,  the  contractor  shall  promptly  submit  to  the 
Contracting  Officer  his  reccmnendat  ions  for  corrective  actions,  together 
with  supporting  information  in  sufficient  detail  tor  the  Contract  mg 
Officer  to  determine  what  corrective  action,  if  any,  should  be  undertaken. 

**  Defined  (for  the  purpose  of  pis  paragraph)  as  failure  of  a  unit  to  meet 
(a)  the  requirements  of  (51 
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A  LIFE-CYCLE  COST  MODEL  FOR  EVALUATING 
A  FAILURE-FREE  WARRANTY  PROVISION 


1.  INTRODUCTION 


In  this  appendix,  we  develop  a  model  for  evaluating  the  life-cvcle 

“"r  *  f*ilUrrfrM  P-vision’u^r 

JS?  B  the  for  repairing  or  replacing 

(caleiSr  or  oner  ff*"  LPr°V  °"  *pplies  for  *  specified  time  period 

(calendar  time  or  operating  hours  or  cycles).  To  be  effect-^*  t-ko  ^ 

vieion  .ill  usually  apply  to  ,u  types'^  due  Z 

gross  abuse  or  mishandling,  combat  damage,  aircraft  crash,  or  similar  ex¬ 
treme  operational  conditions.  similar  ex 


S^ce  tlle  suPP^ier  is  responsible  for  most  item  repairs  or  replacements 
throughout  the  warranty  period,  he  generally  .ill  attest  to  e«^e  “e 

Hill  as!°ciated  wlth  the  warranty  obligation  and  include  them  in  the  unit 

order'to  Ie«-PUrC  interested  in  evaluating  warranty  costs  in 

cost-effective*"11?^)  the^oti^  °r  *  failure"free  warranty  provision  is 
supplier^™'  J  warranty  period,  and  (3)  the  realism  of 

supplier-proposed  costs  associated  with  the  warranty. 

with  rf^ur^11"'  *  m°d'1  f°r  avaluati"9  tha  life-cycle  costs  associated 

■  The  PrVi!iQn  in  thC  P>-°a"«»d"t  of  defense  avion- 

equipment.  The  model  is  developed  to  be  applicable  during  the  development 

preproduction  stage,  when  consideration  of  a  warranty  provision  for  tl  -> 
production  contract  is  most  important. 

condl^on^'ih^'ih'1'5  °"ly  C°StS  that  V“y  ”ith  teras  and 

considered*  In  Idd^tf”  associatad  vit>’  “Stating  the  equrpment  are  not 
examol  ’  addltion«  we  consider  only  the  major  cost  elements  -  for 

.““nation  in  COSt  “  r?P*Lr  the  ita"  at  a  ”ilitarV  lopot-  sooh  details 
hHlll  i  ,  l  T \  excluded-  Submodels  to  quantify  some  of  the  cost 

elements  included  herein  and  techniques  to  account  for  inflation  rates  etc 

life- eye  le^osting?*"  307  °f  *  °f  °°P  and  miUtary  Publications  on 


*The  restriction 
associated  with 


to  avionic  equipment  is  imposed  to  avoid  the  complications 
items  that  exhibit  a  wear-out  failure  mechanism. 
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2.  PREMISES  AND  ASSUMPTIONS 


The  major  premises  and  assumptions  under  which  the  model  is  developed 
are  as  follows: 


involvos  V  Sealed  °r  are  of  such  complexity  that  base  maintenance 
involves  only  removal/replacement  and  failure-verification  tests. 

Repair  is  performed  at  depots  or  contractor  facilities!  therefore, 
base  sparing  is  at  the  unit  level. 

The  failure  distribution  of  the  avionic  equipment  is  assumed  to  be 

exponential  with  the  failure  rate,  X. 

At  the  initial  procurement  stage,  the  value  of  A  is  not  known,  but 
data  on  similar  equipment  and  application  of  reliability  prediction 
a™*  ®vaiuation  techniques  will  yield  an  expected  distribution  of  A, 
which,  for  mathematical  simplicity,  is  assumed  to  be  discrete 
Cpi.'  V*  For  4  no-warranty  procurement,  if  the  observed  failure 

th®  US*r  ,,i11  re<lue8t  a  modification  to  improve  relia¬ 
bility  if  the  cost  of  such  modification  is  less  than  the  expected 
savings  in  repair  costs.  For  a  warranty  procurement,  if  the  ob¬ 
served  failure  rate  is  poor,  the  contractor  will  attempt  to  intro¬ 
duce  a  no  additional  cost"  modification  to  improve  reliability  if 
the  cost  of  such  modification  is  less  than  the  expected  savings  in 
warranty-repair  costs.  y 

If  a  modification  is  desirable,  the  time  at  which  it  can  be  intro¬ 
duced,  Tm,  is  governed  by  a  two-parameter  exponential  distribution, 


f(T  )  -  de 


-d  (T  -  T  ) 
m  a 


>  T  >  T  . 
m  a 


The  expected  reliability  improvement  due  to  a  modification  is  a 

function  of  the  ratio  of  actual  failure  rate  to  specified  failure 
rate . 

In  establishing  a  unit  price  under  warranty,  the  contractor  will 

rfskl  including  the  possibility  of  having  to  introduce 
a  modification)  and  include  the  cost  of  such  risks  in  his  price. 

?  modification  18  directly  related  to  the  amount  of 
y  improvement.  Because  of  the  sole* source  environment 
associated  vith  a  modification  without  warranty,  the  price  the  user 
pays  for  raooif ication  without  a  warranty  may  be  greater  than  the 

rlnll  irr7!nt  Ch?r9*d  under  a  co®P«titive  procurement  when  a  war¬ 
ranty  provision  exists. 

*  Warranty  P^ision  ^11  have  life-cycle-cost  implications 
warranty  P*riod  «*Pires,  we  consider  life-cycle  costs  only 
o  er  the  warranty  period.  The  primary  reason  for  doing  so  is  that 

warranty  Provi*ion  may  have  options  for  renewal.  The 

Ul*  °ption  and  ***•  terBa  of  the  renewed  war¬ 
ty  agreement  will  naturally  be  made  after  cost  and  failure  data 


accrued  during  the  initial  warranty  period  are  evaluated.  It  is 
therefore  believed  that  including  this  type  of  decision  in  the  model 
would  not  be  productive. 

However,  since  the  warranty  period  may  be  less  than  the  equipment 
lifetime,  we  will  amortize  all  user  investment  dollars  (initial  and 
modification  cost)  on  a  straight-line  basis  in  order  to  provide  a 
fair  comparison  of  costs  associated  with  varying  warranty  periods. 

3.  THE  GENERIC  LIFE-CYCLE  COST  MODE! 

We  now  introduce  a  generic  life-cycle  cost  model  to  indicate  the  scope 
of  detail  we  are  considering  and  to  develop  some  basic  concepts  and  notation. 

The  three  major  cost  elements  considered  are  the  initiax  acquisition 
costs,  the  direct  costs  associated  with  a  failure,  and  the  indirect  costs 
associated  with  maintenance  support.  The  generic  model  will  then  take  the 
following  simple  form: 

Life-Cycle  Costs  over  (0,T)  -  Number  of  units  bought  x  price  per  unit 

+  expected  number  of  failures  (0,T) 
x  cost  per  failure 
+  maintenance  support  costs  (0,T) 


As  a  notational  convenience,  we  reserve  the  superscript  k  exclusively 
for  distinguishing  between  a  non-warranty  situation  (k  =  0)  and  a  warranty 
situation  (k  =  1).  Thus  if  Cx  is  used  to  denote  a  specific  cost,  Cx  will 

be  used  to  indicate  that  this  cost  may  depend  on  the  existence  of  a  warranty 
provision  —  the  cost  without  warranty  denoted  by  Cx  and  with  a  warranty 
denoted  by 

We  now  can  write  the  generic  model  as  follows: 


NkCk  +  N  X*  H  T  Ck  +  Ck 
p  o  o  w  F  s 


(1) 


where 


H 

o 


life— cycle  costs  over  (0,  T  )  associated  with  warranty 
evaluation 

number  of  units  purchased 
purchase  price  per  unit 

number  of  operational  units 

average  failure  rate  over  (0,  T^) 

operating  hours  pet  month  per  operational  unit 
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■  warranty  period  in  months 

■  direct  user  cost  per  failure 

■  maintenance  support  costs 

As  a  further  notational  convention,  the  subscripts  U  and  C  will  be  used 
to  differentiate  between  user  and  contractor.  For  example,  if  C_  represents 

shipping  costs  per  failure,  C*  represents  shipping  costs  to  the  user  when  a 

GU  . 

warranty  provision  exists  and  C*  is  the  corresponding  shipping  costr  to  the 
contractor. 

4.  USER  COSTS  PER  FAILED  UNIT  — 

If  a  unit  fails,  the  user  incurs  costs  with  or  without  warranty.  These 
include  on-aircraft  removal/replacement  costs,  test  and  repair  costs,  shipping 
cost,  and  material  cost.  Thus 


„k  ,_k  _k  ,  k  _k 

C  •  H.  C  +C  +  C 
FU  LU  LU  GU  EU 


T 

w 


u 


where 

)( 

C _ ■  user  direct  maintenance  cost  per  failure 

FU 

k 

-  total  user  labor  hours  per  failure 

k 

C  •  average  user  labor  rate  per  failure 

LiU 

k 

CGU  »  average  user  shipping  costB  per  failure 

k 

C£U  "  average  user  material  cost  per  failure 

5.  CONTRACTOR  COST  PER  FAILED  UNIT  —  C* 

FC 

If  a  warranty  exists,  the  contractor  incurs  costs  associated  with  repair 
of  failed  units.  It  is  assumed  that  without  warranty,  no  costs  are  incurred 
by  the  contractor.  Hence, 


0 


pi  4  pi  +  c* 

LC  GC  EC 


k  -  0 
k  -  1 


(3) 
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where 


contractor  direct  maintenance  cost  per  failure 
total  contractor  labor  hours  per  failure 
average  contractor  labor  rate  per  failure 
average  contractor  shipping  cost  per  failure 
average  contractor  material  cost  per  failure 


6.  RELIABILITY  IMPROVEMENT  THROUGH  MODIFICATION  —  M 

If  a  modification  to  improve  reliability  is  made,  we  assume  that  the 
failure  rate  is  reduced  by  a  factor  of  M,  i.e.,  X^  =  mX.  it  is  reasonable 

to  assume  that  the  value  of  M  is  a  function  of  the  actual  failure  rate  and 
the  specified  value,  say  X  .  Also,  it  is  reasonable  to  assume  that  M  is 
limited,  say  M  >  M  ,  in  that  a  modification  cannot  reduce  X  to  0.  We  also 
require  that  as  X  approaches  0,  M  approaches  1. 

One  such  function  that  meets  these  criteria  is2 


M  -  M'  +  (1  -  M')  (4-Hr)  vx 


where  M*  is  the  improvement  factor  to  be  expected  if  X  =  X*.  The  general 
shape  of  this  function  is  shown  below: 


h: 


FC 

k 

LC 

„k 

"LC 

„k 

"GC 

,k 

"EC 


M  1.0 


M 

M' 

0 


Thie  function  is  a  form  of  the  Pearl-Reed  curve  often  used  in  economic 
growth  models. 
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7 .  MODIFICATION-TIME  DISTRIBUTION 


We  assume  that  the  time  at  which  a  modification  can  be  introduced  ie  a 
random  variable  with  distribution, 


.k 

d  e 


T 

m 


>  T 
a 


(5) 


so  that  the  probability  of  a  modification's  being  introduced  before  time  T 
is  given  by 


P 


-  l 


(T  -  Ta) 


(6) 


Given  that  a  modification  takes  place  in  the  interval  (T  ,  T«),  the 
expected  time  of  such  modification  is  given  by  o  S 


E 


a 


This  equation  will  be  used  to  amor tire  user  modification  eoztm. 
8.  COST  OF  MODIFICATION 


i7) 


The  cost  of  modification  is  a  difficult  parameter  to  predict.  It  is 
r***onatole  ••■ume  that  the  greater  the  reliability  improvsaent  the 
higher  the  cost,  although  many  instances  must  have  occurred  in  which  high- 
cost  modifications  have  yielded  minimal  reliability  improvements. 
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On  the  basis  of  some  very  limited  data,  we  have  developed  a  modification- 
cost  model  that  will  be  used  for  illustrative  purposes  and  in  the  interest 
of  completeness.  For  a  failure-rate  reduction  from  A  to  mA  for  an  equip¬ 
ment  costing  Cp,  the  associated  modification  cost,  including  contractor  fee, 
is  given  by 


C (M)  -  1.06 Je*1  “ 


The  general  shape  of  this  cost  function  is 


“ijCp  (8) 

shown  below: 


To  account  for  the  efficiencies  associated  with  modification  when  a 
warranty  provision  exists,  and  to  subtract  contractor  fee,  we  assume  that 
C  (M)  =  AC  (M)  where  0  <  A  1  and  C°(M)  is  as  given  by  Equation  8. 

9.  P  vOCUREMENT  SIZE  —  Nk 


The  size  of  the  procurement  depends  on  the  number  of  operational  units 
required  plus  the  required  number  of  spares.  To  calculate  the  required 
number  of  spares,  we  *rill  assume  that  a  minimum  number  is  established 
independent  of  failure  rate  or  pipeline  time,  such  as  cue  spare  per  squadron. 


Current  studies  sponsored  by  Rome  Air  Development  Center  and  the  Institute 
for  Defense  Analysis  may  yield  more  substantive  models. 
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Using  Paim's  i-bsuU  that  the  average  number  in  the  pipeline  is  equal  to  the 

Se  SST  °rl  P«r  unit  tia»  ■ultiplied  by  the  average  pipeline 

time,  we  obtain  the  following  equation:  *  F 


N  -  N  + 
o 


In  X  H  Tk  ,  N  ) 
j  o  s  o  p  "xj 


where 


N  =  procurement  size 

No  -  number  of  operational  unite 

Pj  -  average  failure  rate  over  the  equipment  life  for  azures 
calculation 

k 

Tp  -  average  pipeline  time 
N^  °  minimum  number  of  spares 

th.  avionic  «^ip“«nt  experiences  reliability  growth,  basing 

oen.^Vf  8Parea  to  b®  Purchased  only  cn  the  initial  failure  rate  will 
generally  be  over-conservative.  Therefore,  we  will  estimate T  by  considering 
the  initial  distribution  of  X,  i.e.,  (p^  X^,  the  possible  *  improvmnent, * 

Mi'  associated  with  1^  and  the  time  at  which  such  improvesMnt  may  be  intro¬ 
duced. 

Straightforward  consideration  of  the  foregoing  possibilities  yields 


[T.  -  T«  -  "i  (tl  -  T.)]«. 


-dk(T  -  T  ) 

'  m  o/i 


(TL  '  To)dTm 
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n  , 

r 

.k ,  v 

■  iE-:*: 

i»l  ! 

T  +  M.  / T  -  T  1 

|  «  x  U  a) 

-d  /T  -  T  \ 
1  -  e  '  L 

-dk(1 
&  * 


-dk(T 

*  (\  -  To)'  ' 


where  TL  is  the  expected  equipment  lifetime. 


10.  MODIFICATION  STRATEGY 


We  consider  the  strategy  the  contractor  or  user  is  assumed  to 
follow  in  determining  whether  a  modification  to  improve  reliability  is  to 
be  attempted  daring  the  warranty  period. 

If  at  time  T^  the  current  average  failure  rate  is  A,  for  N  operationa 

units  an  average  of  NqA (t  -  Tm)Ho  failures  will  occur  over  the  period  (T  ,T) 

If  Cp  is  the  cost  associated  with  each  failure,  then  N  A (t  -  T  ) H  C  is  the 
expected  remaining  failure  cost.  °  «  o  F  tne 


If  a  modification,  at  time  T^,  can  reduce  the  failure  rate  from  A  to 

MA,  (0  <M  <1.0),  the  remaining  expected  costs  will  be  N  (mA) (T  -  T  )H  C 

yielding  a  saving  of  N  (1  -  M)  A (T  -  T  )H  C  .  °  m  °  F' 

°  m  o  F 

Therefore,  a  modification  is  profitable  at  time  Tk  if  the  cost  of  the 
modification  is  less  than  the  saving,  or  m 


NkCk(M)  <  N  (1  -  M)  AkCk  (t  -  tMh 
~  °  F  '  m>  o 


(11) 


wh«^»  c  fM)  is  the  modification  cost  for  a  A-improvement  factor  of  M. 

note  that  for  the  no -warranty  case,  the  user  will  consider  the 
total  equipment  l.rfetime  (T^)  in  determining  whether  a  modification  is 
profitable.  Under  a  warranty  provision,  the  contractor  will  be  primarily 
concerned  only  with  the  warranty  period.-  Upon  replacing  T  in  Equation  11 


For  the  warranty  case,  if  an  option  for  warranty  renewal  does  not  exist,  the 
user  may  request  a  modification  and  be  willing  to  pay  for  it.  If  such  an 
option  does  exist,  the  contractor  must  consider  the  possibility  of  warranty- 
period  extension.  Such  alternatives  are  not  considered  in  the  model. 


97 


1 


by  T^,  we  have  the  A-dependent  strategy: 


where 


V  1 r 

T  <  T  <  T 
d  m  i 


Tk 

1 


max 


NkCk (Mi) 
"o'1  -  Mi)Xi  CF 


I T  ,  k  =  1 
V  w 


(12) 


(13) 


(14) 


11.  EXPECTED  MODIFICATION  COSTS,  C 

MOD 

Without  discounting  or  amortization,  the  expected  modification  costs 
are  given  by 


n 

CMOD  ~  N  Pi 
i«l 


1  -  e 


'd(Ti  -  Ta) 


C(Mi) 


ot 


<  T  <  T 
i  w 


(15) 


For  a  modification  interval  (T  ,  T.)  associated  with  ,  the  expected  time 

a  i  i 

of  modification  is,  from  Equation  7, 


T 


i 


T 


a 


h 


-T»)e 

-d 


-d(Ti  -  Ta) 


1  -  e 


(Ti  -  To) 


(16) 


We  now  consider  the  no-warranty  and  warranty  cases  separately. 
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11.1  No- Warranty  Case  —  C° 

_ _  MOD 


F°f  *oe,*°7W*rfanty  Case'  the  user  wil1  exPect  to  incur  modification 
costs  at  T.  if  A  -  A..  This  cost  pertains  to  the  period  (T.,  T  )  and  is  to 

be  amortized  on  a  straight-line  basis  over  (?  ,  T  )  since  it  is^assumed  to 
represent  a  major  capital  investment.  Hence, 


11.2  Warranty  Case  —  C* 

_ _ _ _ MOD 

4-  F°l  iie-^afran^y  Case'  the  contractor  will  expect  to  incur  modification 
costs  at  Ti  if  A  --  A..  Our  basic  premise  is  that  all  estimated  contractor 

warranty  costs  are  included  in  the  contract.  However,  since  the  modificatior 
costs  are  incurred  at  time  tJ  but  are  paid  for  at  time  0,  to  be  competitive 
the  contractor  would  normally  discount  them.  These  discounted  costs  are 
then  amortized  in  the  same  fashion  as  for  the  no-warranty  case.5 

Hence , 


'MOD 


«■  E  -i 


i=l 


-d*  (t1  -  T  \ 
1  -  e  '  1 


C‘  (M  . ) 
1 


(l  ♦  1/12) 


’  T  -  T 
_w _ i 

T  -  T 
L  i 


(1«) 


where  I  is  the  yearly  interest  rate. 


12.  TOTAL  DIRECT  MAINTENANCE  COST  —  C 

DM 


Total  direct  maintenance  cost  is  defined  to  be  equal  to  the  sum  of  all 
direct  costs  associated  with  repairing  failed  equipment.  Since  we  assume 
that  cost  per  failure  is  constant,  we  employ  the  average  failure  rate  given 


Note  that  for  warranty-repair  costs  the  user  may  make  periodic  payments 
rather  than  pay  at  equipment  delivery.  Because  of  this  possibility,  we 
have  not  discounted  these  costs,  although  it  may  be  ,  easonable  to  dc  so  if 
periodic  payments  are  not  made. 
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by  Equation  22  to  yield  the  following: 


User  total  direct  maintenance  cost  — 


H  T 
o  w 


Contractor  total  direct  maintenance  cost  -- 


C*  H 
FC  o 


T 

w 


(19) 


(20) 


To  solve  for  X,  we  consider  the  initial  distribution  of  A,  (p^,  A^); 
the  possible  improvement ,  associated  with  A.;  and  the  probability  that 
such  improvement  will  be  initiated  during  the  warranty  period. 

Straightforward  enumeration  of  events  yields 


A  = 


T 


a 


+  m. 


(21) 


T  dT 


m 


The  first  term  gives  the  average  rate  over  (0,  T  )  when  no  modification  is 
possible.  The  second  term  represents  the  following: 


•  Probability  that  A  -  A. 

l 


Probability  that  a  modification 
(T 


m 


m 


♦  <?T  ) 
m 


can  be  achieved  within  time 


•  Failure  rate  A  over  (T  ,  T  ) 

i  am 

•  Failure  rate  M.A.  over  (T  -  T  ) 

i  i  w  m 


The  third  term  represents  the  probability  that  no  modification  is  possible 
over  (T^,  T^)j  therefore,  the  failure  rate  does  not  change  from  the  initial 
value. 
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Upon  adding  the  "k"  superscript  and  performing  the 
obtain  the  following  equation  for  A*1: 


integration, 


we 


(22) 


13.  RISK  FACTOR 


The  longer  the  warranty  period,  the  more  risk  and  uncertainty  a  con¬ 
tractor  faces  in  establishing  a  warranty-cost  estimate.  In  order  to  protect 
himself,  the  contractor  may  consider  a  risk  factor  to  apply  to  his  estimated 
cost,  which  increases  with  T^  To  account  for  this  possibility,  we  introduce 
such  a  factor,  which  will  be  defined  as 


R(T  ) 
w 


1  +  r 


T  /12 
)  “ 


(23) 


where 

R^TW^  ~  total  risk  factor  associated  with  a  warranty  period  of  T 
months  w 

1  ♦  r  =  risk  factor  for  first  year 

Thus,  if  r  *  0.03,  then  R(12)  =  1.03,  R(24)  =  1.061,  R(36)  =  1.093,  etc. 
14 .  LIFE-CYCLE  COSTS 

We  now  apply  the  generic  life-cycle  warranty  cost  model,  extended  to 
reflect  the  concepts  used  in  developing  the  submodels  discussed  above. 

14.1  No  Warranty 


Without  a  warranty  the  user  incurs  all  costs  of  failure.  From  the 
generic  model,  extended  to  reflect  amortization  and  modification. 


LCC_ 


N°C®  A 
P  T 


+  c: 


MOD 


+  c, 


DMU 


+  C  A 
ISU  T 


+  c. 


w 


RSU 


(24) 
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where 


k 

C__„  =  initial  user  maintenance-support  costs 

ISU 

CRSU  =  recurr*n9  user-maintenance  support  costs  per  month 

*  amortization  factor  =  T 
w 

14.2  Warranty 

With  a  warranty,  the  same  form  applies  except  that  we  apply  the  risk 
and  fee  factors  to  all  costs  the  contractor  expects  to  incur  because  of  the 
warranty  provision.  We  also  assume  that  contractor  indirect  support  costs 
are  reflected  in  the  labor  rate.  Therefore, 


LCCI  =  M*CX  +  [c*  +  cl  R{T  )  (1  +  P)  (25) 

T  P  T  I  MOD  DMCI  w 

w  w  u  J 

+  CDMU  +  CISUAT  +  CRSU  Tw 
w 


Except  for  fc*  +  C*  „  •  Am  +  C*  •  T  \  ,  LCC*  represents  the 
\  DMU  ISU  T  RSU  w/  T 

w  '  w 

total  amortized  contractor  costs  for  the  purchase,  warranty-repair,  and 
modification  of  the  N1  units.  Over  the  total  lifetime,  we  can  calculate 
the  unit  price  as 


CJ  + 


(C* 


MOD 


+  C 


DMC 


)  ■’V 


(1  +  P) 


N 


(26) 


where  C*  *  ,  the  unamortized-discounted  modification  costs,  is  given  by 

MOD 


CMOD* 


i-i 


1  -  e 


-d'(Ti  -  T«) 


C1 (ma) 

- If 

(l  +  1/12)  1 


(27) 


15.  WARRANTY  PRICE  ANALYSIS 

We  now  consider  the  break-even  or  "indifference"  price  to  pay  for 
units  with  a  warranty  provision  over  a  period  of  months.  An  indifference 

price  is  a  price  whereby  the  expected  total  user  cost  under  warranty  is  not 
greater  than  the  total  cost  the  user  would  expect  to  incur  without  a 
warranty. 
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(28) 


We  develop  the  indifference  unit  price,  say  c*,  by  letting 


C*  =  c®  +  C* 

P  P  INC 


where  is  the  price  increment  due  to  warranty,  consisting  of  the 

amortized  modification  costs  and  the  unamortized  contractor  direct 

maintenance  costs  ( C 1  \ . 

\  DMC/ 


For  a  given  value  of  C  ,  the  total  amortized  life-cycle  costs  to  the 
user  will  be 


LCC. 


w 


[CP  \  *  CImC  CJ,HU 


(29) 


+  cisu  atw  +  cisu  ‘  Tw 


where  A  is  the  amortization  factor  to  apply  to  C*  .  For  C*  to  yield  an 
Aw  INC  P 

amortized  life-cycle  cost  equal  to  the  no-warranty  case  (i.e.,  LCC°),  we 

w 

must  have 


k‘  c;nc  \ 


LCC°  -  N1  C®  A  -  C1 
Tw  P  Tw  DMU 


(30) 


-  c  A  -  c  •  T 

ISU  T  ^RSU  w 


Therefore,  the  value  of  C*  is  equal  to 

INC 


LCCn 


'INC 


_ l 


-p  "TW 


.1 

'DMU 


~  N  C“  Arp  -  c:._.  -  c:„.  A„  -  C 


N,  aT 
J  T 


'ISU  Tw  RSU 


w 


(31) 


To  obtain  the  value  of  A  ,  we  use  proportionate  weighting  of  the 


average  modification-cost  amortization  factor,  say  A  ,  and  that  of  the 

M 
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contractor  direct  maintenance  cost  (A.F.  -  i.0),  yielding 


•moo*  Am  *  Cnnc 

c*  +  c* 

hod  ldmc 


where 


average  modification-cost  amortization  factor 


Pi  I1  -  e 


"  ’*  -  ’-i  (ki) 


The  indifference  unit-price  percentage  increment 


per  year  is  then 


N 


bility  better^than'^anticiDated  V  C*'  if  ““  COI,tract°r  c*n  provide  a  rella- 
modlf ie.tion) .  «  if  ^  can  ^H,l"  ,  T**1  ,eith*r  or  through 

without  adversely  affectina  the  f °  r  or  modification  time  and/or  costs 

at  no  additional'ccst  to  Se  u^e^  S.e  *CMT  *  ***«  profit 

from  better  reliability  or  shorter  **' .°5  course,  will  also  benefit 

price  of  C*  is  assured  that  he  Periods  and,  with  the  indifference 

npr(nH  P  "0t  incurrin?  costs  over  the  warranty 

period  greater  than  the  cost,  he  »uld  incur  without  the  warranty. 

16.  SUMMARY  OF  DATA-INPUT  REQUIREMENTS 

The  data-input  requirements  of  the  model  are  .unmerited  a.  f„lW 


*  General 


unit  purchase  price  without  warranty 
number  of  operational  units 
operating  hours  per  month  per  unit 
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TL  -  equipment  lifetime  (months) 

Tw  E  warranty  period  (months) 

*  3  /early  interest  rate  for  discounting 

*  Reliability 
k  k\ 

Pi'  *i)  =  prior  distribution  of  failure  rate 

=  specified  failure  rate 

*  Direct  Maintenance  Cost 

=  total  user  labor  hours  per  failure 
=  average  user  labor  rate  per  failure 
=  average  user  shipping  costs  per  failure 
*  average  user  material  costs  per  failure 
total  contractor  labor  hours  per  failure 

-  average  contractor  labor  rate  per  failure 

-  average  contractor  shipping  costs  per  failure 
"  average  contractor  material  costs  per  failure 


"to 

<4 

<4 

ck 

EU 

k 

LC 

ck 

LC 

-k 

"GC 

-k 

“EC 


H 


*  Modification  Statistics 

Ta  =  minimum  number  of  months  before  modification  is  possible 

M  =  failure-rate  improvement  if  \  =  \* 

M  =  minimum  value  of  failure-rate  improvemant  factor 
.k 

“  rate  at  which  modif  icatio  i  car.  be  introduced 

A  =  factor  to  adjust  estimated  varranty  modification  costs 
co  the  no-warranty  case 


*  Procurement  Size 


N 


x 


minimum  number  of  spares 


pipeline  time  (months) 
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Risk  and  Profit 


17.  ILLUSTRATIVE  MODEL  APPLICATIONS 


In  this  section,  the  model  is  applied  to  four  sample  procurements  that 

arfib^^?V6d  t0  represent  a  9°od  cross-section  of  equipment  type,  complexity, 
reliability,  and  cost. 

These  sample  procurements  are  not  actual  cases;  they  were  developed 
from  data  obtained  during  the  study  from  various  sources  and  are  believed 
to  be  representative.  It  is  cautioned,  however,  that  the  conclusions  drawn 
from  the  examples  apply  only  to  the  set  of  data  values  used,  and  general 
inferences  about  the  value  of  warranty  should  not  be  made  on  the  basis  of 
these  examples. 

The  four  procurements  are  summarized  briefly  below. 

17 . 1  Procurement  A:  Accelerometer  (F10S) 

Procurement  A  represents  a  large  purchase  of  a  relatively  inexpensive, 
high-MTBr  unit.  We  have  assumed  that  this  item  is  already  in  the  inventory , 
so  that  many  types  of  initial  support  costs  will  not  be  incurred.  The 
life-cycle  cost  analysis  applies  only  to  the  new-procurement  items. 

the  data  elements  used  in  the  model  were  obtained  from  an 
RADC-sponsored  study  performed  by  Hughes  Aircraft  Company.  6  Two  major 
changes  in  the  data  were  made. 

In  the  Hughes  report,  it  was  assumed  that  the  MTBF  with  a  warranty 
would  be  twice  that  of  the  MTBF  without  warranty.  It  is  believed  that  thit 
assumption  is  extreme.  Instead,  we  have  assumed  that  the  prior  distribu¬ 
tion  of  the  MTBF  is  somewhat  better  for  the  warranty  case,  yielding  speci¬ 
fically  an  average  MTBF  for  the  warranty  case  that  is  approximately  five 
percent  better  than  the  no-warranty  case;  but  we  also  assume  that  the 
modification -introduction  rate  is  greater  when  a  warranty  exists. 

The  other  change  concerns  warranty  administration  costs.  In  the  Hughes 
study,  a  monthly  warranty-administration  cost  of  $4,000  per  month  was  as¬ 
sumed.  The  unit  has  an  approximate  MTBF  of  5,000  hours,  and  1,000  units 
operating  75  hours  per  month  would  generate  approximately  15  failures  per 
year.  Yearly  costs  of  almost  $50,000  seems  too  high  to  administer  15  war¬ 
ranty  claims.  We  have  therefore  reduced  the  warranty  administration  costs 
to  $800  per  month. 

17.2  Procurement  B ;  Gyro  (Fill) 


Procurement  B  represents  a  small  purchase  of  a  moderately  priced, 
moderate-MTBF  unit  that  is  already  in  the  Air  Force  inventory.  An  attempt 
was  made  to  use  as  many  data  on  the  existing  Air  Force  A24G-26  gyro  war¬ 
ranty  procurement  as  possible,  but  not  all  required  data  were  available 
(e.g.#  the  current  MTBF  of  the  gyro  under  warranty  was  not  obtainable  at 
the  time  of  this  study). 

RADC  Report  TR  39-363,  Airborne  Electronic  Equipment  Lifetime  Guarantee, 
November  1969. 
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17.3  Procurement  C:  Magnetic  Drum  (F105) 


Procurement  c  represents  a  large  purchase  of  a  moderately  expensive, 
moderate-MTBF  unit  that  is  already  in  the  Air  Force  inventory.  The  Hughes 
study  referenced  above  was  used  to  obtain  many  of  the  data  elements. 

17.4  Procurement  P;  Inertial  Navigation  System  (A6E) 

Procurement  D  represents  a  moderate-size  purchase  of  a  very  complex, 
expensive,  low-MTBF  system  that  is  not  in  the  Air  Force  inventory.  Many 
of  the  data  were  obtained  from  a  recent  AAINC  Research  life-cycle-cost 
study  of  alternative  navigation  systems  for  the  A-6E  aircraft.7 

17.5  Data  Inputs 

Table  III-l  lists  the  data  inputs  used  in  exercising  the  model  for 
the  four  procurements.  For  each  procurement  the  following  constant  para¬ 
meters  were  used: 

Equipment  lifetime  (T  ) ,  10  years 

L 

Minimum  period  before  modification  (T^) ,  3  months 
Yearly  interest  rate  (I),  10  percent 
Risk  factor  (r) ,  3  percent 
Contractor  fee  (P) ,  10  percent 

We  also  assumed  that  without  a  warranty,  the  probability  of  a  modification 
in  three  years  is  equal  to  0.75.  Therefore, 


or 


!  _  e  -d#<36-3) 


0.75 


d°  -  0.042 


With  warranty,  we  assumed  a  0.90  probability  over  the  same  time  period, 
yielding  a  rate  of  d1  =  0.070. 


Other  general  aspects  of  these  data  are  as  follows: 

MTBFs  rather  than  failure  rates  are  listed  because  of  convention. 
Conversion  to  failure  rate  (X  ■  1/6)  is  required  for  model  applica¬ 
tion. 

•  For  each  case  two  possible  MTBF  values  are  used.  These  values  en¬ 
compass  the  best  estimate  of  actual  MTBF  available  at  the  time  of 
model  exercise.  Generally,  the  initial  MTBF  distribution  with  war¬ 
ranty  is  equal  to  or  slightly  better  than  that  for  no-warranty. 

7 Life-Cycle  Cost  Analysis  of  Alternative  Navigation  Systems  for  the  A-6E 
Aircraft  ( Preliminary )  —  ARINC  Research  Corporation,  April  1973. 
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ThMLE  III-l 


DAW  XWUT5  PC,  MOOQ.  APPLICATION 


Factor 

Symbol 

w*v*  mm 

IBB 

■MPjf 

IE2 

zm 

Procureaiert  D 

MaB 

j  Inartlal  Navigation 

- ■ - . - 

mo  w* 

b'  V 

If 

No  W 

No  W 

w 

Unit  purchaaa  price  Dolluil 

c° 

p 

720 

- 

6.040 

-- 

16.000 

.. 

60,000 

-- 

Nuaiber  of  operational  unite 

H 

o 

1.000 

1.000 

j  100 

100 

l,0Cv 

1,000 

350 

J50 

Tparat inq  houra  per  caonth 

H 

1  ° 

75 

*5 

SO 

50 

75 

75 

70 

70 

Equipment  llfatiae  daontha) 

i  T 

120 

120 

1 

j  120 

120 

120 

■s 

120 

120 

MTV  distribution 

'W 

0. 5 i 4000 

0. 4 i 4000 

0.  5;900 

!  0.s,400 

0.  5i 265 

0.4,265 

0.5,200 

0.4,200 

“VV 

O.S,6000 

0.6,6000 

0.5i 1350 

0.5.1350 

0.5i500 

0.6,500 

0.5,300 

0.6s  300 

specified  KTBr 

e* 

7.600 

7,600 

2,240 

2,240 

530 

530 

650 

650 

Dear  labor  houra  per  failure 

Hw 

s 

1 

60 

2 

50 

4 

130 

10 

Uaar  labor  rata  per  fellura 

CLU 

12 

12 

15 

12 

13 

12 

15 

fear  shipping  coat  per  failure 

CGU 

20 

10 

20 

10 

20 

10 

20 

20 

CEU 

so 

0 

250 

0 

200 

0 

600 

C 

Contractor  labor  houra  par 
failura 

hlc 

- 

5 

-- 

40 

- 

30 

j  10c 

Contractor  labor  rate  per 
failure 

c 

JZ 

" 

16 

— 

16 

- 

“| 

- 

18 

Contractor  shipping  coat 
par  failura 

CGC 

— 

10 

- 

10 

1 

20 

2C 

Contractor  Material  coat 
per  failure 

CEC 

- 

30 

-- 

175 

125 

1  400 

Minims.  trad  If  lcatlon  tin* 

T 

3 

3 

3 

(Months) 

i 

3  I 

3 

rallura  rata  improvement 
if  X  -  *• 

M* 

0.75 

0.75 

0.60 

0.90 

0.75 

0.75 1 

0.50 

0.50 

Minima.  value  of  r. E. 
lnprov event  factor 

h' 

0.40 

0.40 

0.2s 

0.25 

0.40 

0.40 

o.:o 

0.20 

Rata  for  Modification 
Introduction 

d 

0.042 

0.070 

0.042 

0.070 

0.042 

0.070 

0.042 

0.070 

rac tor  to  adjust  Modification 
coats  for  warranty  caaa 

A 

— 

0.60 

-- 

0.80 

-- 

0.80 

-- 

0.80 

Mir.lMUM  number  nf  apaiaa 

Nx 

40 

40 

20 

20 

40 

40 

35 

35 

Pipeline  tuae  (aontha) 

TP 

0.75 

0.75 

2.0 

2.0 

1.95 

1.15 

2.8 

2.6 

Risk  factor 

r 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

Contractor  fee 

p 

0.10 

0.10 

0.10 

0.  10 

0.10 

0.10 

0.10 

0.10 

Uaar  initial  support  coats 

cisu 

20,000 

0 

20,000 

0 

50,000 

10,000 

20  *  10* 

2  -  1  ‘ 

Uaar  rscurrlng  support  coats 

. 

CRSU 

500 

eoo 

500 

800 

500 

8,000  J 

20,000  | 

15, 00C 

•No  H  •  No  werrantyi  N  -  Warranty. 


ser  labor  hours  per  failure  without  warranty  are  generally  greater 
than  contractor  labor  hours  per  failure  with  warranty.  This  rec¬ 
ognizes  the  fact  that  engineering  and  technical  expertise  of  con¬ 
tractor  personnel  is  generally  higher  than  that  of  military  per¬ 
sonnel  .  For  this  reason,  the  contractor  labor  rate  is  generally 
higher  than  the  military  labor  rate. 

Since  contractors  are  likely  to  be  more  cost  conscious,  contractor 
material  cost  per  failure  is  generally  lower  than  corresponding 

user  costs.  However ,  the  contractor  costs  are  then  burdened  with 
fee. 


For  cases  where  it  is  assumed  that  the  item  is  already  in  the  inven¬ 
tory  ,  user  initial  support  costs  are  minimal  and  are  much  lower  for 
the  warranty  case  than  for  the  no-warranty  case. 

17-6  Model  Exercise  and  Results 

podto™  **etciae  the  mode1'  «  conversational  (timesharing)  program  in  the 
FORTRAN  language  was  developed.  The  basic  parameter  of  interest  was  the 
total  amortized  savings  (loss)  of  a  warranty  for  a  period  of  T  senths, 

1*6*  f  w 


WST  -  LCC®  -  LCci, 
w  w 

The  data  (except  the  MTBF  distribution  and  the  warranty  period)  can  be 
eit  er  stored  in  the  program  through  DATA  statements  or  entered  through  the 
MTBF  di8tribution  is  inputted  through  the  terminal  followed 

*I*rran!y  Period  t0  h*  con-id«r«d'  the  increment  in  the  war¬ 
ty  period,  the  number  of  periods  to  be  considered,  and  a  print  code. 

For  code  0,  the  output  consists  of  the  following: 

•  User  costs  per  failure  (k  ■  0,1) 

•  Procurement  size  (k  ■  0,1) 

Failure-rate  improvement  factors  for  each  MTBF  and  associated 
costs  (k  -  0,1) 

Warranty  savings  for  each  period  to  be  considered 
wlrrant^period^6  *  **  ent,r*1'  d<’t*ile<1  information  1.  provided  for  each 


ment. 


Exhibit  Ili-l  presents  sample  outputs  for  the  magnetic  drus  procure- 


•2-  f*09;*  wyitten  in  FORTRAN  specifically  for  the  CDC-KRONOS  Time- 
USin9  ®c_64o°  «»Puter.  With  minor  changes,  the  pro¬ 
gram  should  be  appropriate  for  most  other  timesharing  systems  with  Fortran 
capability,  conversion  to  batch-processing  is  al.o^owlbu! 


****  v."*  *  Ti'  l>rl  ,<  I  )u  s  7  ■■>  4  ).S.  •*#* 

4  10.  r  I  -^rl  IM  i  <vM.»  <4V>) 

M'S-’*-#  ;••  KM  I  ^ . 

I  49.0  17.4 
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■->  i  c  r  *  oisr-  j;>e  <  10317377 
oi.<Kcr  4  cisr-c^TK.  o 


447.  *>'< 


499409 

7533417 


-.xpcto.  'oo.crir  TIT''*. 

•JSEX  <X=0>  9474431  1  ?'>o?43 

C\ir<.CX=l>  IIPIPS  434744 


. 


I’.fAL  4 >i r ‘-»i_ y  nr. sip.  ^i.S'jp.  -jxir 
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\I7  i-4.<  y/\\j  i  y  9197793'*  340104  IO'jX.I???  144490  l«0O0 

v-  *<  4 1‘  y  79435.  >*43397*17  3JM747  1331409  17900  J74>* 

ir  <Nii'y.»*‘<iCr:  i 'J0-<P!'i.'\i i /  y ■<•  <  pot.  >  =  3.73 

I’TOL  CLf  >  V  /  I  04  J  il  .--41.V.  IK  34431935  39794197 

v  OrVKOM ry  s-wnos  c  m./\4  j  <r.osT>  s  isniis 
IMOI*>'Ei<E\ICE  '.••P-XICEa?  94309  <10.  33  POT.) 
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M  3  -  V  .  r<\l  l  y. 

I  75.0  43.4 

9  49.p  /.4 
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AVG.  M  T  IF- (0»  T'.1  >  9S1.°0  9A9.  1  A 
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Oliver  M  Cl  3  I  -  CMT  r<  •  0  7  7  9  A  1  A  A 

'<r>CI0.  9)0. CIST  T7fAL  AM  1 K  T  !  7F|.) 

■JSF.M  (K  =  D)  1993709  1 

C\l  r*.  <><=  1  >  1139^77  A9079A 

utal  vimihly  1 7  r.  sip.  '•t.s'p.  -oil  r 

CTSrCA)  C1STCA)  ClSTCA)  CHI  (A)  P->I  t-t* 
Ml  .  A  <<A\irY  HOIOSaO  3A<7007  II  ISIS0!  i  nni 

l-.MMIY  7S«US.  PA  3 1 A  PDA  .'1.7791.1  1.1)3799  171SA  :>!  1  7A 

'.-.MMTY.PM1CF  IMC  (EMFMT/YM.  CPCT.  )=  1.7  1 
nrAL  CISTS  V./l  AM1UT. --Ml.  IsJl.  3790A73?  33A73109 

AMMAM  T  Y  SAVINGS  C  T 1  f »  AM)  MT  •  C 1 S  T  )  S  17A939A 
I  Mu  I FFEMFMCF  V.  .  PMICF=S  301  :>n  (10.31  PCT.) 

'/#»*  FAMKAMTY  PFMI10  =  19  MIS.  ***» 

•130.IIYF  I  M  frlHvAL#  CHS) 

MJ-V.  .  V;  rt  M  T  Y  » 

1  11.0  99. 9 

7  99.  2  1  3. A 

Ml  A 1 M  AM  T  Y  V.  A  {■<  AM  F  Y 
A9G.  1T‘7F- CO#  TV  )  9SS.  JS  919.00 

01  MFC  1  -1  CIST-IJSEM  1P039S9S  7S99A3 

OIMF.Cr  M  C1ST-CMTM.  0  S13VHO 

EXHIBIT  III-l  (continued) 
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ekpcid.  '«■>!». r.-jsr  total  ft«nKTi7eo 

ISF<  <<=0>  2S08517  1594022 

ONU.CKsIl  1319144  974092 


TOTAL  NONTMLY  TOT.  SUP.  NO.  SUP.  UNIT 
COSTCAJ  C3ST<4>  COSTCA)  C3ST<A>  PHICS 


N>  l  A.WAMTY  30 191416  359303  12I14S9S  144245  19000 

' 

ir.KNTY  H4MJS.  29329435  337255  1433943  17071  29940 


WftNrr.p*<icfi:  inc^enent/yp. <pct. >=  9.70 

DIAL  CISTS  V‘/0  AN  3  NT • • • N  3 • K  l  b  391941  1  *»  34434235 

■ 

AK‘<  AN  r  Y  SAN  I  MRS  C  13  T. 440 NT.  CIST  )  S  1351992 
INDIFFERENCE  V..PNICE*S  30930  <10.26  PCT.  > 


♦»**  WANK4NTY  PENI3D  »  90  N^S.  *#*• 

41l>.  TIN"  IN  TEKNAL.  <N3S> 

Nl-b.  ’*  NNTY* 

1  95.2  Si.  4 

2  49.2  19.6 

N3  U4KN4NTY  WANN4NTY 

ANG.  4TNF-C0»TW>  469.90  494.40 

OINF.CT  4  C3ST-USEK  12794793  79|469 

DIRECT  4  C3ST-CNTN.  0  9633057 

EXPCTO.  NOD.C^ST  T3T4L  A43f\TI2E0 
'JSF.<  <K*0)  2514914  |7  42i'»7 

CNTK.O<=l>  1435400  1030919 


T3T4L  NINTHLY  T3T.SIP.  43.  SUP.  UNIT 
COSfCA)  C 1ST  <  A)  COST  <  A)  C1STCAJ  PRICE 


93  WArN49TY  32279420  358440  12879293  143103  18000 

W89 TY  90405.  304031  OS  337935  1519349  14882  29728 

toKST  Y»  P8ICF  I9C*F.8F9r/YK.  CPCT.  >  =  8*  59 
n  r4l_  COSTS  *•/)  0*0*1. --90.  tel  b  389S9407  35459 1  OS 

*'W«49TY  SA\/I9GS  CTO  r.4*).<T.  COST)  S  1874312 
I90IFFF»<F9Cr:  l-..PrtICF«i  31436  <10.10  POT.) 


0009  kArtK«.9TY  PF.XlOO  =  94  STS.  0000 

SOO.TISt  I9T£rf*/4L»  <41S) 

93-w.  w*9ty. 

1  85.2  41.4 

2  49.2  25.4 

9)  V 4 9*49  I Y  W48949TY 

AVG.  srSr-CO.Tk)  442.  17  501.79 

01  rfFC r  -I  C)5T-'J5F..<  13453464  832215 

DHKCr  S  OSI-OITX.  0  8967832 

rlKPCTO.  900. COST  I-  0  T  01.  *<nrfTI*£l) 

•JSF.8  (K* 0)  2516814  1997044 

CM  I  *. <*»1>  1508041  1145391 

T  ) I <V_  8)9181.7  TOT.S'JP.  SO.S'IP.  ' JM  I T 

C7sr<4)  cosr<4>  cost<o>  cvst<4>  phicf 

■93  V.48f-’A9rY  34373728  358060  13441444  14*099  18000 
WR9TY  9690S.  39533124  338987  1608215  14758  30509 
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WrOlfY.PrflCE  IMCXEMF.^T/YK.  <PCT.  >«  9.49 
HT'H.  COSTS  w/l  397l2?7fl  3473A39S 

WA^KAMTY  SAVIMGS  <T7T.  AMO  <<T.  COST)  S  1*40403 
IMDIFFEWE9CE  b.P*ICE«S  32311  <  9.94  PCT.  > 


IMP'JT  OAT  A- CHANGE  C7DE  C0*^3ME> 
?  -1 

STOP 

SS  4.  I  AO  SECS. 


rtUM  COMPLETE 


Of  tho^  war  rant  yIpori"od°U^ThIII~h  diSPUy  tha  W“tanty  smi^s  as  *  function 

creases  as  equipment  complexity  andt^otalhcostPi^asearrTablePin°2  in~ 
nv.rrras  pertinent  data  obtained  fra.  the  2 

savingt ^r ^obtained °f or &a  pr°Cutl!me"t.  ic  *»  that  the  .«»„  warranty 

ere  iLs  t^T^LV™ 

rsr:, 

on  factors  other  than  those  considered  directly^ITthe  nSl.**8*  ** 

T  =  2°yelrs  ^^ldino^6"16^ '  maXimm  warranty  savings  occur  when 

first  tlo  years  is  s  1  inKn-i^i"9  °f  db°Ut  4‘4  percent-  The  MTBF  over  the 
1  nam  inr  ^  ^  better  for  the  no-warranty  case  (1,150  vs 

case)  while  the  contractor  considers  only  the  warranty  period. 

The  amortized  modification  cost  to  the  user  was  S4  nsn  i,nrw  «-v, 
warranty  procurement  This  »■«.«,  i-  “  54,050  under  the  no- 

”hich  is  aLt  5-s 

year  warranty  period,  the  average  MTBF  for  the  no-warranty  c^e'i.risg'  "  " 
hours,  versus  .94  hours  for  the  warranty  procurement 

less  tLrntlSPe°CU!rnt’  the  Pipeline  tiMt*  f°r  contractor  repair  were 

SSS  F£rf -- — - 

-  —  *»  difference, 

meet  "zH^o/™*™"'  °f  *'5  "onths  «•  ass>»e<J-  then  the  procuro- 

The  maximum  wntranty^ii,*^,^"^"'  “1  1,21B'  fespecti''01''- 

The  average  HTBF  is  ”61'5°°' 

c:«if°  hrio-ytr  !ife-^;r^t^r  ■ uhich  u  1;  u. 

619  hours,  versus  540  without  warranty  6  3Vera9e  “  WUh  15 

m i  1 1  i n he  “JlT  P*rt  °f  th*  Savings  is  in  the  initial  support  costs  ($20 
million  without  warranty  versus  $2  million  with  warrantvO  Sinc^M 
curement  represents  a  new  inventorv  item  i  ,  y  ‘  Slnce  this  pro- 

atreSt^iteSpoKibiriPn,ent'  m3nUals'  -^the^star^-uTcosts ^ 
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FIGURE  III-l 

WARRANTY  SAVINGS  VS  WARRANTY 
PERIOD,  ACCELEROMETER 
PROCUREMENT 


FIGURE  I I 1-3 

WARRANTY  SAVINGS  VS  WARRANTY 
PERIOD,  PiAGNETIC  DRUM 
PROCUREMENT 


FIGURE  III-2 

WARRANTY  SAVINGS  VS  WARRANTY 
PERIOD,  GYRO  PROCUREMENT 


FIGURE  III-4 

WARRANTY  SAVINGS  VS  WARRANTY 
PERIOD;  INERTIAL  NAVIGATION 
PROCUREMENT 


LIFE-CYCLE  COST  DATA  FOR  THE  OPTIMUM  WARRANTY  PERIOD 


"  addition,  the  average  user  cost  of  failure  is  about  $200  greater 
without  the  warranty  than  the  user-plus-unburdened-contractor  cost  per 
ai  ure  with  warranty.  Over  the  ten-year  period,  approximately  4,900 
allures  will  occur.  At  a  $200  saving  per  failure,  warranty  savings  in 

UrT/n  C°.t  total.?early  $1»000,000;  after  reduction  for  the  fee  and  risk 
burden,  this  is  still  significant. 

18.  DISCUSSION  OF  THF  MODEL 

mlhG  1*fe"cycle  Presented  in  this  appendix  is  believed  to  include 

..  :,or  fact°rs  that  should  be  considered  quantitatively  in  evaluating 
e  cost  implications  of  failure-free  warranty  provision.  The  model  is 
perhaps  somewhat  more  complex  than  "typical"  life-cycle  cost  models  in 
at  it  specifically  treats  the  possibility  of  reliability  growth  through 
engineering  modification,  the  cost  of  such  modification,  and  the  resultant 
savings  in  maintenance  cost.  Recognition  is  also  given  to  the  fact  that 
the  knowledge  of  equipment  MTBF  is  often  vague  when  life-cycle  cost  models 

are  applied.  The  use  of  a  prior  distribution  of  MTBF  is  believed  to  be  a 
reasonable  approach. 

It  is  noted  that  if  the  modification  introduction  rate,  d,  is  set  equal 
1°  Zer°  and  *he  MTBF  Prior  distribution  is  concentrated  at  a  single  point, 
e^lu^tin  65  t0  the  model‘fonn  proposed  for  warranty-cost 


Although  the  equations  for  the  submodels  are  not  particularly  difficult 
o  so  ve,  it  is  recommended  that  a  computer  program  be  employed  for  perform- 
analysis'  Particularly  with  respect  to  determining  whether 
,  n  7  1S  beneficial  and,  if  it  is,  the  warranty  period  that  should  be 
used  to  maximize  life-cycle  cost  savings. 

. .  ,.Th®  subnodels  used  to  determine  the  time  for  introducing  reliability 
mo  1  ica  ion,  cost  of  such  modification,  and  amount  of  improvement  must  be 
considered  more  illustrative  than  factual.  Research  on  past  avionics  pro¬ 
grams  should  provide  more  definitive  predictive  equations  for  these  factors. 

•  P°ss*ble  imitations  of  the  model  deserve  some  discussion.  For 

reliability-improvement  modification,  we  have  assumed  that  during  the  war- 
ran  y  pen  °nly  one  such  modification,  at  most,  is  performed.  This  as- 
™Pf!°n  aPPlies  for  both  the  warranty  and  no-warranty  cases  and,  therefore, 
should  not  introduce  any  serious  bias  in  comparing  the  two  cases.  We  can 

th*  Slngle  ®°dification  time  and  the  associated  reliability 

^stan^of^^  C?n  **  considered  to  be  averages  over  possibly  several 
es  of  modification.  The  concentration  into  one  modification  yields 
a  significant  reduction  in  model  complexity. 

*n,,iJ^eSe<\0nd  lixnitation  concerns  the  restriction  of  the  life-cycle  cost 

expenditures^  Warranty  period  <««!*  the  amortization  of  capital 

neC^  or  ^  i  '  I  3  Warranty  Provisi°n  were  not  to  have  an  option  for  re- 
then  a  comnl***^*"  °ptf°n  for  a  follow-on  contractor  maintenance  program, 

extensio^  althn  ?  u°St  analysis  be  a  fairly  straightforward 

build-uo  of  i  ?  not  without  some  complications  in  treating  the  necessary 
build-up  of  a  user’s  maintenance  capability. 
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For  program?;  requiring  a  large  investment  in  training  and  support- 
equipment  materials  when  a  warranty  expires,  a  prudent  policy  would  be  to 
include  such  option  in  the  initial  agreement.  On  the  other  hand,  it  also 
is  reasonable  (from  both  the  contractor  and  user  viewpoints)  to  leave  the 
terms  of  a  possible  renewed  agreement  open  for  negotiation  on  the  basis  of 
the  history  of  the  initial  period  of  warranty.  Considering  such  an  option 
and  negotiated  price  in  an  overall  model  would  be  a  difficult  task,  al¬ 
though  further  research  in  this  area  is  encouraged. 

The  third  limitation  concerns  the  fact  that  we  have  not  included  un¬ 
verified  failures  in  the  model.  Mean  time  between  unscheduled  removals 
(MTBUR) ,  which  consists  of  verified  plus  unverified  failures,  can  be  sig¬ 
nificantly  higher  than  MTBF .  Since  unscheduled  removals  can  have  a  major 

impact  on  life-cycle  cost,  the  model  should  be  extended  to  include  unveri¬ 
fied  failures. 

We  do  believe,  however,  that  despite  these  limitations  the  proposed 
model  can  still  serve  well,  especially  for  the  case  in  which  a  decision 
to  include  a  warranty  has  been  made  and  the  most  cost-effective  warranty 
period  has  yet  to  be  determined.  We  also  note  that  any  model  of  a  complex 
process  cannot  possibly  include  all  factors  bearing  on  the  decision,  and 
the  life-cycle  cost  model  we  propose  is  certainly  no  exception.  However, 
it  will  provide  quantitative  estimates  of  cost  and  reliability  associated 
with  a  warranty  decision,  which  certainly  represent  two  of  the  most  impor¬ 
tant  decision  factors. 
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APPENDIX  IV 

SUMMARY  OF  AGENCIES  VISITED 


The  agencies  and  personnel  listed  below  were  visited  in  the  course  of 
this  study.  In  addition  to  granting  extensive  personal  interviews,  in 
some  cases  they  provided  copies  of  warranty  agreements,  reports,  and  other 
data. 


Company 

Piedmont  Airlines 
National  Airlines 

Eastern  Airlines 

United  Airlines 

American  Airlines 

Pan  American  Airlines 

Company 

Bendix  Avionics 

Lear  Siegler 
Astronautics 


AIRLINES 

Location 

Winston-Salem,  N.C. 
Miami,  Fla. 

Miami,  Fla. 

San  Francisco,  Cal. 

Tulsa,  Oklahoma 

New  York,  N.Y. 

■VENDORS 

Location 

Ft.  Lauderdale,  Fla. 

Santa  Monica,  Cal. 


Person  and  Function* 

A.  Lenderman  (1) 

T.  Lauck  (3) 

C.  Sullivan  (3) 

H.  Harrison  (1) 

L.  Worsham  (3) 

T.  Ellison  (1) 

L.  Olson  (1) 

C.  Smith  (2) 

H.  Swinehart  (2) 

G.  Campbell  (1) 

C.  Keaney  (6) 

W.  Flottman  (2) 

G.  Hiller  (3) 
w.  King  (1) 


Person  and  Function* 

R.  Winston  (4) 

C.  Cargil  (4) 

H.  Nevill  (4) 

G.  Fitzgerald  (5>) 
J.  Tammasino  (6) 


*  (1 )  =  Engineering/Maintenance 

(2)  -  Purchasing 

(3)  =  Warranty  Administration 


(4)  =  Sales/Marketing 

(5)  =  Customer  Service/Support 

(6)  =  Contracts 
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VENDORS 


Company 

Litton  Systems 

Mnq  Radio 

Collins  Fadio 

Lear  Siegler 
Instruments 

Agency 

NAVAIR  (Instruments) 
ASD  (ARC  -  XXX) 

ASD  (Nav.  &  Guid.) 

AFLC  (Procurement) 
Air  Staff  (DoD) 

ASO  (Engineering) 
AFSC  (Procurement) 

ESD  (Program  Office) 


Location 

Woodland  Hills,  c&l. 
OJathi ,  Kansas 
Cedar  Rapids,  Iowa 
Gra/xr  Rapids,  Mich. 


Person  and  Function* 

R.  Bonswor  (4) 

R.  Snyder  (6) 

C.  Bennett  (5) 

J.  Rosenlieb  (4) 

K.  Engholm  (5) 

J.  Gooden  (4) 

J.  Harty  (5) 

G.  Ewalt  (4) 


Location 

Jefferson  Plaza,  Va. 
WPAFB,  Ohio 
WPAFB,  Ohio 

WPAFB,  Ohio 
Pentagon 

Philadelphia,  Pa. 
Andrews  AFB 

L.G.  Hanscom  Field 


Persons 

E.  Hall 

Col.  Mr trie 

R.  Ittleson 
R.  Perdzock 

Col.  H.  Perry 

Lt.  Col.  B.  Weiss 
Lt.  Col.  J.  Clune 
G.  Jett 

0.  Markowitz 

Col .  Sparks 
K.  Spates 

M.  Ratynski 
G.  Walker 

Capt.  W.  Rustemeyer 
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